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1. INTRODUCTION

Southwest Research Institute (SwRI), under a special task assigned to the Nondestructive Testing
Information Analysis Center (NTIAC), initiated a program in 1985 on the "Review and Evaluation
of Army Aviation Depot NDI and Reliability Centered Maintenance." The final report for this
program, funded by the U.S. Army Aviation Systems Command, is contained in this document.

The program objectives were to: .
T e’

(1)™ Review and evaluate selected Army aviation depot maintenance work requirements
(DMWRs) for nondestructive inspection (NDI) and reliability centered maintenance (RCM)
techniques.

@) »Develop a plan for expanding the U.S. Army Aviation Systemms Command (AVSCOM) RCM
system at the Corpus Christi Army Depot (CCAD) to include more aircraft components
than presently covered, define additional output products, and implement further the RCM
process at CCAD.

(83 ~"Develop an overall Army aircraft RCM program plan that is consistent with the depot-
level RCM plan from (2). - T .

With the assistance of Reliahility Technology Associates (RTA), subcontractor to the program,
the objectives of this program wete met by completing the following tasks:

(1)  Procedure for reviewing Army Aviation DMWRs for NDI techniques and RCM philosophy
was formally submitted to AVSCOM's Depot Engineering and RCM Support Office (DERSO)
and to SWRI by RTA in May 1986. After a pilot application, the procedure was expanded
into a "Background, Assumptions, and Methods for Application of Reliability Centered
Maintenance to Army Aviation DMWRs."

(2)  Package of 40 DMWR reports, with final AVSCOM Engineering Directive (AEDs), along
with the background, assumptions, and methods document cited previously was submitted
to DERSO.

(3) In December 1987, reliability centered maintenance cost data for DMWRs were submitted
to SwRI NTIAC.

(4)  Necessary updates in the Depot Maintenance Handbook (NTIAC-85-1) were sent to SwRI
NTIAC on April 29, 1988.

(5)  An updated RCM plan was submitted in January 1988 to reflect preparation of the overall
Army aircraft RCM program plan.

(6) Program criteria derived from Airframe Condition Evaluation/Aircraft Analytical Corrosion
Evaluation (ACE/AACE) meeting viewgraphs were incorporited into both RCM plans.

(7) A detailed Army aircraft RCM program plan was presented to AVSCOM DERSO manage-
ment personnel at a meeting on March 4, 1988.

Section 2 lists the work done by RTA in order to meet the program objectives. Section 3
presents the evaluaticn done by SwRI on the UMWR documents, and Cectiou 4 covers suggested
recommendations for the program.




A listing of the title pages for the 40 Army Aviation DMWRs is found in Appendix A. Only
the title pages are included since the 40 documents total over 1000 pages of material. Addi-
tional documents produced during this program are contained in Appendix B.

2. WORK EFFORT PERFORMED BY RELIABILITY TECHNOLOGY ASSOCIATES

The RTA group performed a major portion of the work defined for this program. The following
is a listing of the work submitted to SwRI by RTA at the end of the program:

. Forty DMWR documents along with their corresponding AEDs.
. "Procedure for Review of Army Aviation DMWRs for RCM Philosophy,” May 1986.

. "Application of Reliability Centered Maintenance to Depot Maintenance Work Requirements:
Background, Assumptions, and Methods for Application to Army Aviation DMWRs,
September 1987,

. “Reliability Centered Maintenance Cost Data for DMWR," December 1987.
. "Updates to Depot Maintenance Handbook (NTIAC-85-1)," April 29, 1988.
e  ACE/AACE Viewgraphs,

e  "The Five-Year RCM Program Plan,” May 1988.

As can be surmised from the above documentation, RTA played a vital role in the execution of
the program objectives.

3. SwRI REVIEW OF THE NDI APPROACHES USED IN THE DMWRs

Southwest Research Institute performed a focused review of the NDI approach applied in 40
Army Aviation DMWRs. A large portion of the DMWR documents specified a visual inspection
only. The definition of a visual inspection is defined as "looking et a surface either directly,
with the aid of a mirror, or with a magnifying glass for the purpose of identifying signs of
deterioration or damage."” The DMWRSs that recommend a visual inspection only specify detection
of such flaws as cracks, nicks, and corrosicn; however, very few of these DMWRs mention the
flaw size to be detected.

One DMWR reviewed by SwRI that did specify flaw size was DMWR-55-1520-234: AH-1S
helicopter. The various components of the AH-1S helicopter currently are inspected visually
using this procedure to evaluate corrosion damage. On page 13 of the procedure, large areas
of corrosion can be accepted if the depth of damage is less than 5 percent of the thickness.
Isolated spots can be accepted up to a depth of 10 percent. Specifically, the inspection of
diagonal braces (Task 110) requires replacement of components with dents, nicks, and corrosion
damage in excess of 0.010 inch. The specified visual inspection, however, is qualitative and
cannot produce repeatable and accurate quantitative measurements,

SwRI suggests the following aiternative to the existing NDI approach in DMWR-55-1520-234.
Under contract to McClellan AFB, SwRI developed two NDI approaches to quantitatively measure
the chaffing damage in hydraulic control tubes of various aircraft. The two approaches use




focused ultrasonic and miniaturized eddy current sensors, respectively. Both approaches have
been successful in measuring chaifing damage (or pit depth) with an accuracy of 0.001 inch.
These approaches are proposed for the evaluation of various components of the AH-1S
helicopter.

Because of the difference in geometry and material composition between helicopter components
and hydraulic control tubes, the sensors will need to be modified for application on the AH-1S.
The modified sensors would be tested on the helicopter for accuracy, and the cost and benefits
of the inspection would then be determined.

SwRI's final suggestion is that a reevaluation be done on the DMWRc that specify a visual
inspection only. SwRI believes that a visual inspection alone could be an unsafe practice and
might also result in a more costly operation.

4 RECOMMENDATIONS

As a result of the evaluation of the 40 DMWRs, the following recommendations are proposed as
a means of improving the NDI approach:

(1) Every Army component brought in for inspection should have a critical or noncritical
label. A critical component would be one that (1) is life threatening or (2) results in
damage to the crash aircraft. A noncritical component would be one that does not
destroy human life or the aircraft. This type of labeling will help to evaluate the level
of NDI required for the individual component. For example, the NDI approach for a
noncritical component might include a visual and penetrant inspection. On the other
hand, the NDI approach for a critical component should include some of the more
sophisticated disciplines; i.e., ultrasonics and eddy current. NDI of components after
disassembly and before assembly should reduce dollars being lost due to wasted manhours
for assembly of defective components or failure of the component during flight.

{2)  Most of the DMWR documents reviewed reference other material that is not attached to
the document itself. The referenced material should all be included in the specific DMWR
document. This will help the reader and result in a saving of time.

(3) Identification of the flaw size common to each component would help to evaluate the
proper NDI approach. If no history of flaw size exists, an evaluation of the component
application should be performed to determine the probable type of flaw.

Based on SwRI’s evaluation, a flow chart is found in Figure 1 on a proposed NDI approach that
may be applied to the 40 DMWR documents. In addition, a breakdown of the NDI evaluation of
the 40 DMWR documents is presented in Table 1.

SwRI believes that the results of this program have served in applying the RCM philosophy to
the 40 Army Aviation components, and in providing supporting documentation on the
development of the RCM program. (See Appendix B for RTA documents to support RCM program
development.) In order to improve the reliability of the NDI inspection, a program such as
outlined in Figure 1 should be pursued.




Are Flaws on the Surfaca?
Yes T No
f
|
Visual Inspection
Pass —[ Fall
is Component Safety Critical? Maintenance
Is Sizing Needed?
Yes 1 No
Surface or Subsurtace Flaws Return to:
Surface Subsurface
Magnetic Nonmagnetic
ETAUTMT
MT Large Area/Smail Area Mechanical Impedance
Large Small
PT ET
Figure 1. Proposed NDI approach for Army Aviation Components
Table 1
SwRI Proposed Approach;
DMWR #/Component Existing NDI Approach Comments
55-1520-234 Visual only Magnetic particle (MT),
AH-1S Helicopter penetrant testing (PT);
ultrasonic (UT) and eddy
current (ET) testing for
inspection of diagonal
brace tubes for corrosion
damage.
55-1520-228 Visual, MT, PT In addition to the existing

OH-58A Helicopter

NDI approach, use ET and
UT on specific components,
i.e., corroded panel, bulk-
head, and tail boom of
honeycomb and composite
material structures.




DMWR #/Component

55-1560-196
Main Rotor Hub

55-1650-290
Stick Boost Dual Actuating
Cylinder

55-1615-114
Controllable Swashplate
Assemblies

55-1615-162
Tail Rotor Blade and Hub

55-1650-160
Electrohydraulic Servo-
Actuator

55-1680-266
Electromechanical Linear
Actuator

55-2915-147
Fuel Pump and Filter
Assembly

55-2915-284
Centrifugal Fuel Booster
Pump

55.2995-107
Hydraulic Starter Assembly

55-1615-112
Rotary Wing Head Assembly

55-1615-158
Main Rotor Hub

55-1650-150
Irreversible Hydraulic
Pressure Valve

Table 1 (Cont’d)

Existing NDI Approach

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

Visual only

(1]

SwRI Proposed Approach;
Comments

MT and/or PT ie, detec-
tiou of cracks inside of
bolt holes, splines.

MT and/or PT; ET for
detection of flaws on inner
bores of cylinders and bolt
holes.

MT and/or PT; ET for
detection of cracks inside
of bolt holes/splines.

MT and/or PT.

MT and/or PT.

MT and/or PT.

MT and/or PT.

MT and/or PT.

Satisfactory

MT and/or PT; ET for
determining depth of
cracks from the surface
and UT for determining
subsurface flaws.

MT and/or PT.

MT and/or PT.




Table 1 (Cont’d)

SwRI Proposed Approach;

DMWR #/Component Existing NDI Approach Comments
55-1650-227 Visual only MT and/or PT.
Control Valve Manifold
Package
55-1650-322 Visual only MT and/or PT; ET for
Servo-Cylinder inspection of inner bores

of housing.
55-1680-289 Visual only MT and/or PT for cracks
Electromechanical Linear on gear and housing.
Actuator
55-2915-148 Visual only MT and/or PT.
DP-D3
Gas Turbine Fuel Control
55-2925-245 Visual only Satisfactory
DC - Starter Generator
55-1615-113 (CH-47) Visual only MT and/or PT.
Aft Rotary Wing Drive Shaft
Assembly
55-1615-102 (AH-15) Visual only MT and/or PT.
Main Rotor Hub Assembly
55-1615-159 (OH-58) Visual only MT and/or PT.
Tail Rotor Gear Box
55-1615-125 Visual only MT and/or PT.
AH-1G/Q 90°
90° Gear Box Assembly
55-1615-277 Visual MT and/or PT.
AH-15
90° Gear Box
55-1560-127 Visual MT and/or PT.
UH-1
90° Gear Box
55-1615-153 Visual only MT and/or PT.
CH-47C
Engine Transmission Assembly
55-1615-152 Visual only MT and/or PT.
CH-47C
Combining Transmission
Assembly




DMWR #/Component

55-1615-116
CH-47
Aft Transmission Assembly

55-1615-117

CH-47

Forward Transmission
Assembly

55-1650-157
CH-47
Fan Motor

55-1520-210
UH-1H
Helicopter

55-1615-275
AH-15
Transmission Assembly

55-1615-157
OH-58
Transmission Assembly

55-2840-113
T53 Engine

55-2840-254
T55-L-712
Aircraft Gas Turbine Engine

55-2840-231
T63-A-5A
T63-A-700
Engine Assembly

55-2915-149
Power Turbine Governor
Model AL-L3

55-2840-242
Engine Assembly
Model T63-A-720

55-1615-156
Transmission

Table 1 (Cont’d)

Existing NDI Approach

Visual only

Visual only

None available

Visual only

Visual only

Visual only

Visual/dimensional check

Visual/dimensional check

Visual and MT

Visual only

Visusl and MT

Visual and MT

-~

SwRI Proposed Approach;
Comments

MT and/or PT.

MT and/or PT.

Visual, MT, and/or PT.

MT and/or PT; UT and ET
for inspection of honey-
comb composite structures

MT and/or PT.

MT and/or PT.

Visual, MT and/or PT; UT
and ET for blade inspection.

MT and/or PT; UT and ET

for blade inspection.

Satisfactory

MT and/or PT.

Satisfactory

Visual, MT and/or PT: UT
for ecracks, pits, and
corrosion detection.




DMWR #/Component

55-1610-222
U-21
Propeller Governor

Table 1 (Cont’d)

Existing NDI Approach
Visual and MT

SwRI Proposed Approach;
Comments

Satisfactory
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APPENDIX A
TITLE PAGES OF DEPOT MAINTENANCE WORK REQUIREMENTS
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1520-228

This Document Contains 65 Pages.

Army Model OH-58A Helicopters

NSN 1520-00-169-7137

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987




P

APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-284

This Document Contains 8 Pages.

Centrifugal Fuel Booster Pump
NSN 2915-00-996-2169
NSN 2915-00-999-3705

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987




APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-162

This Document Contains 13 Pages.

Tail Rotor Blade
NSN 1615-00-121-6545
and
Tail Rotor Hub
NSN 1615-00-121-7354

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987




APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1560-196

This Document Contains 11 Pages.

Main Rotor HuB
NSN 1615-00-788-5321
NSN 1615-00-833-1556
NSN 1615-00-213-7261
NSN 1615-01-056-4550

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPCT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-114

This Document Contains 1l Pages.

Controllable Swashplate Assemblies
Part Numbers

114R3304-15 through 20
114R3304-22, -24, -25, and -27
114R3304-506 through -508
114R3304-510 and -512

114R3305-5 through -14, -16, and -18
114R3305-20, -22, -23, -25, -27, and -29
114R3505-7, -8, -12, -15 through -18, -20, -21, and -22

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

-
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

f DMWR Number 55-1615-112

This Document Contains 11 Pages.

Rotary-wing Head Assembly

NSN 1615-00-004-8885
NSN 1615-00-004-8887
NSN 1615-01-105-6435
NSN 1615-01-105-6437
NSN 1615-01-231-1830
NSN 1615-01-105-6438
NSN 1615-01-113-0460

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

p RS S S e e S
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-158

This Document Contains 12 Pages.

Main Rotor Hub
NSN 1615-00-125-4051
NSN 1615-00-106-8285
NSN 1615-01-030-6652

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-322

This Document Contains 1l Pages.

Servo Cylinder
NSN 1650-00-872-1141
NSN 1650-00-183-5349
NSN 1650-01-016-3572

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-8
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-290

This Document Contains 11 Pages.

Stick-Boost Dual Actuating Cylinder

Part Numbers
114H5600-3; 114HS5600-8;
114H5600-9: 114H5600-10; and
114H5600-14 Through 114H5600-17

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-150

This Document Contains 10 Pages.

Irreversible Hydraulic Pressurized Valve

NSN 1650-833-1600
NSN 1650-992-0940
NSN 1650-911-7349
NSN 1650-130-5%64

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-10




APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-147

This Document Contains 11 Pages.

Fuel Pump and Filter Assembly

NSN 2915-00-924-7791

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A=-11




APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-227

This Document Contains 9 Pages.

Control Valve Manifold Package
NSN 1650-00-731-1569
NSN 1650-00-691-3026
NSN 1650-01-098-7712

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-160

This Document Contains h Pages.

Electrohydraulic Servoactuator

NSN 1650-00-011-9022

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviat’on Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-13




APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS
FINAL DMWR REPORT

DMWR Number 55-2995-107

This Document Contains 9 Pages.

Hydraulic Starter Assembly

NSN 2995-00-012-3383
NSN 2995-01-072-5918

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering Support Division

September 1987

Depot Engineering and RCM Support Office
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APPLICATION
OF
RELTIABILITY CENTERED MAINTENANCE
TO
DEPGT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2925-245

This Document Contains 12 Pages.

DC Starter-Generator
NSN 2925-00-912-3993
NSN 2925-00-179-7143

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-148

This Document Contains 13 Pages.

Model DP-D3
Gas Turbine Fuel Control
NSN 2915-00-931-8357
NSN 2915-00-781-6769
NSN 2915-00-179-5587
NSN 2915-00-134-7807
NSN 2915-00-130-6095
NSN 2915-00-134-4564

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1680-266
This Document Contains 9 Pages.

Electro-mechanical Linear Actuator

NSN 1680-00-922-2701
NSN 1680-00-140-3522

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1680-289

This Document Contains 9 Pages.

Electromechanical Linear Actuator
NSN 1680-00-103-0029
NSN 1680-00-117-9484
NSN 1680-01-120-7642
NSN 1680-01-120-7641

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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k APPLICATION
OF
s RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS
FINAL DMWR REPORT
DMWR Number 55-2840-113
This Document Contains 39 Pages.
Turboprop Engine
NSN 2840-00-957-2853 Model T53-L-15
2840-00-116-7134 T53-L-701
2840-00-176-9132 T53-L-701A
#’ Shaft Turbine Engine
NSN 2840-00-134-4803 Model T53-L-13B
2840-00-621-1860 T53-L-703

1 Submitted to
U.S. Army Materiel Command
! Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1610-222
This Document Contains 9 Pages.

Propeller Governor
NSN 1615-00-019-5130

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-149

This Document Contains 11 Pages.

Model AL-L3
Power Turbine Governor
NSN 2915-00-179-5588
NSN 2915-00-130-6096

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2840-231

This Document Contains 24 Pages.

Engine Assembly

Models T63-A-5A and T63-A-700
NSN 2840-00-923-6023
NSN 2840-00-179-5536

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-157

This Document Contains 14 Pages.

Transmission Assembly

NSN 1615-121-6543
NSN 1614-01-034-405

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-275

This Document Contains 21 Pages.

Transmission Assembly

NSN 1615-01-010-0952
NSN 1615-01-014-6006
NSN 1615-01-047-3762

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-156

This Document Contains 20 Pages.

Transmission

NSN 1615-00-089-6509
NSN 1615-00-813-9225
NSN 1615-00-183-0834

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2840-242

This Document Contains 24 Pages.

Engine Assembly

Model T63-A-720
NSN 2840-01-013-1339

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2840-254
This Document Contains 37 Pages.

Aircraft Gas Turbine Engine, NSN 2840-01-030-4890, Model TS55-L-712

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1520-210

This Document Contains 66 Pages.

UH-1H/UH-1V/EH-1H/EH-1X Helicopters

NSN 1520-00-087-7637 (UH-1H)
NSN 1520-01-043-4949 (UH-1V)
NSN 1520-00-368-8442 (EH-1H)
NSN 1520-01-042-9396 (EH-1X)

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTEREDC MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-157
This Document Contains 9 Pages.

Fan Motor

NSN 1650-00-948-0968

Submitted to
U.S. Arm; Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-117

This Document Contains 25 Pages.

Forward Transmission Assembly
NSN 1615-01-051-2663
NSN 1615-01-092-9777
NSN 1615-01-092-9776
NSN 1615-01-112-5842
NSN 1615-01-112-5841
NSN 1615-01-138-2582
NSN 1615-01-138-2579
NSN 1615-01-138-2580
NSN 1615-01-138-2581

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
RS e
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
70
4
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-116

This Document Contains 30 Pages.

Aft Transmission Assembly
NSN 1615-00-621-1852
NSN 1615-01-051-2665
NSN 1615-01-114-0871
NSN 1615-01-138-2584
NSN 1615-01-138-2583

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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y APPLICATION

OF

i RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-152
This Document Contains 27 Pages.

} COMBINING TRANSMISSION ASSEMBLY
NSN 1615-01-054-7272
" NSN 1615-01-106-5592

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by

1 U.S. Army Aviation Systems Command

! Depot Engineering and RCM Support Office
Depot Engineering Support Division

k September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1560-127
This Document Contains 14 Pages.

Ninety Degree Gear Box
NSN 1615-00-918-2677

1 Submitted to
U.S. Army Materiel Command
1 Materiel Readiness Support Activity

4 Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
’ Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-153
This Document Contains 23 Pages.

Engine Transmission Assembly
NSN 1615-00-079-1007
NSN 1615-01-057-5608
NSN 1615-01-149-8197

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
} OF
RELIABILITY CENTERED MAINTENANCE
b TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-277
This Document Contains 15 Pages.

Ninety Degree Gear Box
NSN 1615-00-008-7748

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

‘ Submitted by

U.S. Army Aviation Systems Command

i Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS
FINAL DMWR REPORT

DMWR Number 55-1615-125
This Document Contains 15 Pages.

90° Gearbox Assembly
NSN 1615-00-490-5877

Submicted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-159

This Document Contains 14 Pages.

Tail Rotor Gearbox
NSN 1615-00-122-5150
NSN 1615-00-432-2492

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-102

Tuis Document Contains 14 Pages.

Main Rotor Hub Assembly
NSN 1615-00-918-9357
NSN 1615-00-933-6823
NSN 1615-00-033-6313
NSN 1615-01-017-9926
NSN 1615-01-014-6007

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-113

This Document Contains 16 Pages.

Aft Rotary Wing Drive Shaft Assembly
NSN 1615-00-019-5174
NSN 1615-01-096-1025

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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APPLICATION
OF
RELIABILITY CENTERED MAINTENANCE
TO
DEPOT MAINTENANCE WORK REQUIREMENTS
FINAL DMWR REPORT

DMWR Number 55-1520-234 (Draft)

This Document Contains 323 Pages.

AH-1S (Modified) Helicopter

NSN 1520-00-504-9112

Submitted to
U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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FOREWQRD

The purpose of this five-year reliability-centered maintenance (RCM)
program plan for the U.S. Army Aviation Systems Command (AVSCOM) is to
provide a framework for facilitating and enhancing the accamplishment of RCM
engineering functions and to more fully implement the KCM process on Army
aviation systems and components in accordance with the policies of DOD
Directive 4151.16, AR 750-1, AR 700-127, AR 70-1, and MIL-STD-1386.
Integrated into the plan are the metnods and procedures given in AMC Pamphlet
No. 750-2, "Guide to Reliability-CTentered Mzintenance".

This RCM plan describes tne overall RCM process as it appiies to new
Army aircraft as well as fielded aircraft. The plan describes the overall RCM
process functions, responsibilities and interfaces with unit, intermediate
and depot maintenance organizations, logistics, and other command-wide
programs and functions.

This plan establishes new programs for the five-year period starting in
fiscal year (FY) 1985 and is oriented toward enhancing the Directorate of
Maintenance capability to support HQ AVSCOM, Systems Managers and tne Corpus
Christi Army Depot's (CCAD) projected work load for FY 1985-94, Specific
programs focus on:

(1) The development of im:)"oved, cost-effective maintenance plans,
work requirements and material managzemsnt tecnniques
( ) Tne application of the RZM decision logic to prioritized aircraft
} The ﬂo--wvlon, raduction and eatry of expanded cata intc tne
AVSCOM RIM cdata uank
4£) Thne p2rformance of more comp_ete RIM data anzlysis and the
preparation of ﬂoms"e'xanswe user reports

lA‘ n

r=

{5) Tne prsparation of maintenance support guidelines and trzining
mzterizl, the imi.emenctation of KIM trzining and the
astablisanment of =z more cest-efisctive RCM anZd 1ntsgratad

logistic support {ILS, interface.
Timelines and milsstones are provided for the required program activity.
piarn aelines user reguirements and identifies the need for automaticn. z
provides a oasis for prioritizing indiviausl programs and Zor Zlaantifying
n=cessary resources I{or their implismentaticn.

Tne plan will be updated tc reflect any changes in conditiors and progran
emphasis. The Maintenance Directorate appreciates the help of those tnac
2ontributea to this plan and welcomes any comments Or suggestions for
consideration during the preparation of subsejuent updated plans.

-
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JANIEL J. RUBERY
col, &3
Dirsctor of Maintenance
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1.0 INTRODUCTION
1.1 Objectives and Scope

Reliability-centered maintenance (RCM) is a systematic, disciplined
methodology used to identify maintenance needed to ensure preservation and/or
restoration of the inherent system reliability, safety, and mission
accomplishment at a minimum expenditure of resources and to prevent
indiscriminate maintanance which is not cost-effective. Its specifiz

objectives, as delinaated in AMC-P750-2, are to:
(1) Establisn design pr:orltles whizh facilitate preventive
maintenance.

(2) Plan preventive maintenance tasks that will restore safety
and reliapility to their inherent levels when equipment/system
deterioration has occurrsd.

(3) Obtain the informztion necessary for design improvement of
those items wnose inherent reliability proves inadegquate.

(4) Accomplish these goals at a minimum total cost, including
maintenance costs and the costs of rasidual fzilures.

RCM is based upon the premise that maintenance cannot improve upon ths
safety or reliability inhereat in the design of a2 nardware systen. 300¢
maintenance can only preserve these characteristics. The RCZM pnilicsophv

lztatas that maintenance snall be performed on coritical componsntes only wnew
It will prevent z decreasSe in reliability and‘or decarioration of safety Tz
unaceeptadle levals or whan it will reducs Life-cylle COSU; MmMAINTEnRaNlE Snz
not bz performed on noagriticzl components unizss it will reauce _ifs-cye
cost.

Application of :tne RCM procsss involvses evaluaiing maintanance dase
equipment functions and fallurs modes. AVSCIM nas develioped z maintar =
Task oriented logic analysis process for Army alirzrafl systezs ang componant
based on the M3G-3 dsoision logicz (ses Appencix k.  This RIM £ Z
is applied to determine 1T any o7 the following thares p”occss== ars
in preventing a mzintenanse significant component fzilure made

(1) Cocndition monitoring wasre degradation orior to functional
failure can be detezted iIn sufficient time Dy instrumentatlion
{i.e., temperature, prassure, vibration iqdiﬂators)

«2) On-Condition wnere degradation prior tc functional fazilure 2an

be dstected by periodic inspectiions and svzluations
\3) Hard-tims rsplacement wnere degradation, becausse of age or usag
prior <o functionsl failure ¢zn be preventel TV

“=p'a:e/:vc"ﬂ=u‘ task a2t a predsterzinad, fixed interval

(gensrally in terms of cperating time or flving hours)

Using availaple system szafaty and reiianility (nistorical/fzllurs mod
and effects) datz, RCM identiliss thoss 2omponents waic ars coriticzal in
of mission accomplisnment and operating safety. It determines tas 533513--Lv3
and desirapility of maintenance, it higniignts maintenanze prodlem areas or
redesign consideration, and It provides supporting Justification for
maintenance.

S

1.2 Background

azes witin tns Integrated Logistic Support (ILS) avu;';:y. I3

RCM in 2e
2 of defining suppor: requiremsnis Tnat are optimal.y related o

terf
is the process




design and can be obtained at minimum cost during the operational phase. It
is a systematic, comprehensive process conducted in accordance with
MIL-STD-1388-1A. An effective ILS activity provides:

) Continual information exchange between the system designers and
the maintenance/logistics disciplines.

° A data base for the performance of analysis (life cycle cost,
etc.) and trade-off studies.

) A structured means of establishing the maintenance program and
identifying logistics support requirements.

° A method of identifying deviations from anrticipated
behavisr/operational goals 30 thnat correztive action may be
taken.

Data produced by the ILS activities form the basis for design/cupport
trade-0ffs wnile alternative design concspts are being explored. The ILS
requirements are documented in a series of workshests known as Logistic
Support Analysis Records (LSAR) in accordance with MIL-STD-1388-24 and used
subsagusntly to establish support resowrce requirements. RCM analysis datsa
are maior inputs to the ILS p*oness and appear on tne LSAR "B" sheet along
with ~--1ablllty and mzintainability (R&M) data. "B" sheet data provide tne
basis for preparing the other MIL-STD-1365 LSAR worksheets used to establise
support resource requirements. The resu_t of the complete RIM/ILI process is
the compilation of a Provisioning Master hecord (PMR) from wnich procurement
of support items is derived. kesulziing data are also used as direct input
into, or as source information for, the dnvnlopment o>f other ILS aatz products
inzluiing technical manuzls and Dn"sonn ani training rsguirements.

Fizure 1-1 d=apicts tne process Dy wnion development dztz and, Zater
durl ag deployment, actual expariznge Zatz ars used o establiisn IL3

-\ru,

requirsnants b"l"DUng'l aps-ma icr. of ® anz_vsis.

Analysis
(Decision Logic)y

Teomiems T Tz TV 7T T mang
P SO gS) L2 Dl -l FTOCE

Tns ROM=driven LS process Ls initiztzl early In tns development of a naw
svs:a: 5 impact design ani opsrationzl conesgpis; o ldentify ths gross
1ogistic resouree requiremsnts of alternative conecepis; and to relate Jesign,
“pera ional, manpowar, and support characieristics ¢o resadiness objectives and
goals. Support pians and reguirements are optimized by allocating tasks to
spacific maintenance levels and formulating desizgn recommendations to reduce
maintenance times or to =liminate special support rejuirements, etc.
The ILS activities are pasa2d on data derived from performancs
informztion, failure factor estimatses, RIM _ogic analysis and support plans.
Duaring sarly devalopment, the fallure factor osctimates needed as input to I3

]
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activities are derived from similar fielded equipment. Later in development
(and during deployment), the failure factors are derived from detailed R&M
analysis. The R&M data include Mean Time Between Failures (MIBF); Mean Time
To Repair (MTTR); and Failure Mode, Effects and Criticality Analysis (FMECA).
{ The MTBF, MTTR and FMECA data elements are major inputs to the RCM/ILS process
and appear on the LSAR Data Record B in accordance with MIL-STD-1388-24.

A system reliability prediction performed during development establishes
the MTBF and part failure mode/rate numerics. The prediction and its
associated mathematical models are generally derived fram MIL-HDBK-217 and
from other sources. The prediction establishes the basic part/component
replacement rates of the design and is used as input to logistics support
analysis (LSE) anc trade-off studies of alternative design concepts.

Similarly, MIL-HDBK-4T72 is used for meintainability prediction and
particularly for deriving factors for repair time, maintenance frequency per
operating hour, preventive maintenance time and other maintainability factors.
Tne techniques given in MIL-HDBK-U472, in general, involve the determination of
MITR using failure rates obtained from the reliability prediction and
maintenance time factors derived from a review of the system design
characteristics. Conceptually, the repair of hardware items after tne
cccurrence of & failure necessitates the initiation of a correctivse
maintenance task wnicn ultimately results in the interchange of a replaceabls
part or assembly. In order to achieve a complete "repair,” various activities
ootn before and after the actual interchanges are necessary. This includes
2 activ"ins for lozalization, isolation, disassembly, interchange, reassambly,
aZizgnment and chezidut.

Th, compesitzs time for all repair activiiiss is callad the repzir time.
Tne part/assemp.y £

i

zilure ~ztes and rep2ir Cimes ares combined to arrive it
wsizhnted corrective maintenance action rate, The prediction process zi=s2
involves preparing z funstional-leval diagram for the systemr and aeterm.n-nk
tas repelr time for eagn replacezsdis itam. Tns functional-level Ziagraz
{ reflects the overall maintenanze concspl znd th2 complets rey;aceme::
prsakiown for ail ;‘9"5 that ,ompﬁlsa the svstem.

MIL-nD3E-472 information zllows the =z2nalyst ©c da2termine (via tne RIM/ILS
:”::s;sW Tha nuibsr o7 pe2ople requirzad o maintain 3 given numbar of sysiezs
1 tnin a2 speciflsl operating/calendar tims period. In conjunzction witn

w

ct
"
v

u_;nua_dnoill'v oredictions, additional maintenancs data suppii2d o tne
! contraztor allow dscisions to be made regarding difficulty of maintanzncs
‘wWwnizh transiatss ints skill levels of personae l) tools and eguipment
reguired, consumatlie itams used wihile performing maintenance and facilitiss
raguirsd.
1 Critical to RIM and ultimately logistic suppore znalysis is FMECLE. Tas
FMECA identifies zotantial failure modes, thnus establishing the initial oasis

for formuisci = maintanance task requ‘reﬁen:s. 4 FMECA systematicall
4 identifies tne .ikaly modes of failure, the possibie sffects of each fzilurs,
L

3

anz the cri‘icali;y of s2aca =fTezt on eguipment function, safety or soms ciasr
outcome of significance.

Tne R&M prediztions and the “YEZA for a development system are gensrally
performed Dy the prime contractor as part of the hsliability, or ProZuct,
] Assurance Prograz: however, the analyses must be c¢oordinated with tue RIM
program and the results must be mads availaonle as esseatial input to RIM iogic
znalysis and otner RCM functions. This coordination should address timins of
the analyses, tneir level of detail and the specific documentziion
reguiraments.

During depiovmant, as oparating exparience is gained, aciivities fzous on
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determining the actual reliability-age characteristics and applying the RCM
decision logic to respond to failures not anticipated during development, to
assess the desirability of additional maintenance tasks, and to eliminate the
cost of unnecessary and over-intensive maintenance resulting fram the use of
default answers in the initial RCM logic analysis. Actual experience data,
such as that compiled and incorporated into the RCM data bank at CCAD or that
wnich can be derived from the readiness, supply and maintenance reporting
systems, are used to update the failure factors which are used as the basis
for these activities.

The cornerstone of an effective uS process 1is the RCM logic analysis.
It is conducted in accordance with AMC-P 750-2 to identify maintenance problem
reas for design consideration and to establish the most effective preventive
maintenance program. The logic is applied to the individual failure modes of
each repairable component identified by tne FMECA. A progressive
determination is made on how impending failures can be detected and corrected
in order to preserve, to the degree possible, the inherent 1levels of
reliability and safety designed in the system. The complete process involves
four mazjor steps:

STEP 1 Perform FMECA

3TzP 2 Apply RCM decision logic to each repairabie component
failure mode in order to determine the optimum
combination of maintenance tasks including hard tims,
on=-condizion and condition monitoring or if redesizn is
needed in order to prevent a failure mode

-

(]
r3
&3]
g ¢
w

Implement the RCM decisions dy defining sp=czific ta
requirements, developing logistics data, defining pnz
maintanance programs and Ildentifying appropriz
maintenangs task frequencies/incarvals

[()]

S
S

w

ST=ZP 4 Apply a sustaining engineering effort using actuzl
relisbility-age exparience data to optimize thas
program

AVSCOM has deveiopsd a computer-aided decision logic process wnere simples
"vas" or "no" answers to the logic questions are entared directly into z
computer system. This computer-aided RIM decision logic process is
described in Appendix A. Us= >f the automatec d=cision logic during Step 2 of
tne RIM process (once it is analyzed and revised to meet the provisions of
AMC-P 750-2) ensures the development of high guality maintenance plians in less
time and at lower ccsis. It establisnes a system mainisnance history that
would zllow correlation t0 the actuz: =xperisnze of specific parts and thsir
failure modes and critiecalities. It 2ssures that 211 maintenance signifizant
parts and their failure modes and 2riticalicies are considered in the
establishment of maintsnance requirements. The systam allows for routine,
on-iine information exchangs among AVSCOM 2nginesring and maintenancs stalf
and management. It providas the capability to manage and auiit tne RIM
prozcess over the entire system life cycle.

The most cost-effective maintenance task(s) is then specified {during
Step 3) for each component failure mode by evaluating the consaquences of
fallure and by taking its cause into account from the RCM decision logic
analysis. To illustrate the logic analysis, following are thrse questions




which are addressed in order to specify the optimum combination of on-
condition, condition monitoring and hardtime replacement maintenance tasks
for a given component. Appendix A provides a description of the complete
logic process.

e Is an on-condition maintenance (OCM) task to detect potential
failure applicable and effective?

An OCM task involves examining the condition of a hardware
icem using =2 specific checklist, inspection procedure, standard
5 Army regulation. It may include a functional check to
determine if one or more functions of an item performs within
specified ilimits.

] Is a crew monitoring maintenance task applicable and effective?

This task involves monitoring by tne crew of instrumentation
and recognition of potential failures tnrougn tne use of normal
pnysical senses (e.g., odor, ncise, vibration, temperature,
visual observation, changes in onysieal input force requirements,
ste.). To be effective, reduced resistance to failure must be
jetectable and rate of reduction in failure resistance must be
predictable. Indicators that annunciate fzilures at the time of
Jczurrencs ars not applicabls. Examples inzlude the dsteciion of
Leaky sS=2a.s5 iarough noting excessive 01l zonsumption or smoky
angine cperation, tne datection of ciogzed start fael ndzzlas oy
2iffisuilt eaginz starting, and tns detaction of minor arzzes in
enzine canponents by & degrease In zvailadle engine Tower.

. Zs 2 rezlanament maintenance tasi o avoid failures or Lo rezuce

- Em " - — - 1 far - <
tas fallure rats applicadle and effective?

tas: invelwvas sudstizuting a servics
part, SuUd23SemDly Or modjule (cOowponent or assems

anservicsaolie cownterpars. It raguires remova:r from servize of
an iter at =z specified 1ife Iimic.
Tnis task is normally applied O so-callad single 2elled

Darts sucn as sylinders, ensine disks, safe-~life structural
naabers, eic Tne itam must snow functionzl degradation
2naracteristics at an identifiapis aze and & largs proportlion of
units must survive to tazt azge. Hard-time components ars
raplaced at CCAD as part of tns overnaui process.

n *

nazlacament 2T aard-time Iimifs must D2 supporisd by statisticz’ly sound
est Z3ta Or stalisticel analysis of Tield daza. The fzilure discribucion

t

-
shouls de det2rzinsc in addizion to the mearn time or usags o failure.
Repizcement at nard-time limits is most effective when there Is =z close
2orreiation betwsen re_iability and age e.g., the variance about mean time to
failare i1s narrow.

L.zaough "wearout" Is a classic reliapility concept, the existsnce of a
well pesnaved wearout mechanism is not aill that prevaient in the real worid.
Tvams in tnis ciass are generally simple (so-callied "single-cell") component
sush 28 parits wnich ars subject to m2tal fatigue or other rinds of mechanioal

D

ot (
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Recognition of the limitations of hard-time maintenance has led to
emphasis on OCM concepts based on inspsction. However, it must also be
emphasized that OCM is only effective when pctential failure can be
ascertained reliably and inexpensively. In defining the OCM tasks, it must be
k kept in mind that detection prior to failure can be accomplished only if the
inspection occurs during the period between the onset of noticeable and
} unacceptable deterioration and the occurrence of actual failure. The
inspection interval selected should be the largest that provides an acceptable
] likelinood of successful detection.

The most sophisticated maintenance tasks are based on concepts of
{ "Condition Monitoring" in wnich failure potential is under constant

surveillance, (e.z. on-board diagnosties-PZATS). This is a technology lirited
approach wnich previously appeared only in very high-value (safsty, cost or
mission) items. Wwita the emerzence of naw classes of effective and

inexpensive sensors and microprocessors, "Condition Monitoring" is amuch more
prevalent in Army aircoraft.

Once tne RCM logic process has been completad, the tasks in the scheduled
maintenance program are then specified. This includes preparing specific
reguirements for servicing, condition monitoring, on-condition (ACE/AACE,
PSA), adjust/align/calibrate, rework (repair)/overhaul, and replacsment (at
ife~limits) in accordance with the decision logic results and output data.

To facilitate application of the RCM program (and extend useful life),

r design emphasis is placed on the use of proven long-life component parts, tne
use of easily accessible and interchangeable modules ana units, the
incorporation of =s2s2 of inspactability features and the zddition of mors
sopiiisticzaTad cn-doard diagnsstic systams. This leads to more 223%-
2ffective : 4 to ths estatlishment of bstter indicators or
DreIUrsSors _Ar2 Wnil2n sreatly improve the on-condition maintanznes
tas«s, improvs 2oniition monitoring was«s pariormed by the opsrating orew

ana axtana for nard-time repiacamnent tzsks 3t the depot.

Tne AIM/ILS m intzgrates zany of the rslevant rsiisbilicy,
zainteinapilicy and safety program tasks ani other special studiss in order o
achieve ths ocommon objective of orienting the development and opsrational

onases toward 2 practical, supportadle and affordable nardwars systert. =
orovidas outpur Zata for trade-off analysis witih the design enginesring
funztion and for preparation of optimup maintenance plans. ’nes
iscument ths reguirements and tasks to be accomplisned for achi
restoring, or maintazining the system's operational capability. Ths plans also
establisn reguiremsnts and/or intarfaces for reliability, maintainapilizy and
safety program tasks, life-cyzie cost analysis and other related program tas«s
or elemants. They describe how the system will be maintained and :tas
relationsnip to tas overall meintenance ccncept. They provide dsfinition as
Lo wWnat constitutes a repair astion and the scops OF maintenance activitis
Diannaz for exeauiion at the varisus level of repair. The plans specifliczlly

1d2ntify and d=fin2 logistic support rsuirsments including:
. “zintenance tasks inoliuding requiremsnts to Support tne sysiam at

232h level o0 rspair.

T. Spare provisioning

c. Tocl and test equipment, including calibration equipment and
cziibration regquirements.

. Manpower-training and skill lavels

Mzintenance manuals and data

Irzining menuzis

. Support equipment/facilitcies

0 s ® O
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h. Shipping and transportation

i. Quality control

J. Configuration management

Maintenance planning starts during the early concept phase and the

initial requirements are formulated during the demonstration and validation
phase based on the R&M, FMECA and RCM analyses. The plans are updated as
necessary during the course of the development program and reassessed after
the system is fielded as part of a sustaining engineering activity to reflect
revised R&M, FMECA and RCM logic analysis data derived fram actual field
experience information.

1.3 Format of the Plan

AVSCM's RCM functions are described in Section 2.0. An overview of the
new RCM programs planned for the five-year period starting in FY 88 is
presented in Section 3.0. These new programs are intended to facilitate and
eniianca tne accanplishment of tne RCM functions. The next six seztions (L.C
through 9.0) present more detailed descriptions of each of tnz RIM prograzs

within the major program areas - Maintenance Planning; Methodology; RCM
Application; Material Management; Maintenance Support Guides, Training and I_S
Interface; and Data Elemsnts and Utilization - and present timelines for

their development and application.

Tnis plan contains three appendices. Appendix A prasents a deseription
of AVSCIM's automated RQM decision logic process. Appendix I presents =
procedure to review and to revise, as nscessary, despot mzintenance work
raquirements to raflect the RCY procsss.  Adpendix C pressnis an ovarviaw of
tne projected woriioad reguirements at the Corpus Cnristi Ar-my IDepot.
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2.0 THE RCM FUNCTIONS

The RCM functions and the respective responsible AVSCM organizations are
described in AVSCM Regulation No. 750-XX, "Reliability Centered Maintenance
of Army Aircraft, Components, and Associated Equipment" (currently under
coordination) and are summarized in Table 2-1. Each of the ROM functions, and
the organizations that are responsible, provide support, coordinate or are
users of the functional outputs are identified in the table. The functions
are defined solely in response to the regulation and are in no way prioritized
with respect to program needs and budgetary constraints. As can be seen in
the table, the Maintenance Directorate is the technical focal point for
AVSCM's RCM program and for the accampiishment of essential RCM management
and engineering functions. Within the Maintenance Directorate, the Depot
Engineering and RCM Support Office (DERSO), located at the Corpus Christi
Naval Air Station (CCNAS) in conjunction with the Corpus Thristi Army Depot
(CCAD), 1s directly responsible for planning and implementing the RCM process
on Army aviation systaas and components. DERSQO, in addition to its RCM
responsibility, provides despot engineering support of CCAD and HQY AV3SCOM
operations throughout thne materiel life-gycle. This includes providing
maintenance enginesring and consulting service in support of the disassembly,
repair, overhaul, rebuild, testing and restoring of Army and cross servics
aircraft, systems and camponents and related ground support 23uipment at CCAD
and worldwide as required.

Tne RCM functions are further described in the following paragraphs of
this section.

2.1 RCM Management, Guidance and Integration

This funzsion provides AVSZOY stafl managemant andi guilanzce for tns RIM
Drogralm on an overzll non-systam basis. It includes providing guidance for

integrating RIM ints otner programs rsizted to the developmant 5f 2 materizl
support system.

2.2 ROM Programming, Budgeting, and Funding

This funciion identifies to the project managsr, during <ths 2ongsp
phase, funds needed for KRCM implementaction to ensure their inclusion in th
budget, the projezt manazement plan {PMP), the coordinated test program (CTF),
and other appropriate documentation. IT includes identifying and forwarding
RCM funding reguirsments to the pertinsnt budget =lement in sufficient time
for inclusion in the budget. Tne individual project managers are responsible
for programaing asd budgeting for resources identiriied as 2ssentisl for

M ot

appiization of RCM to assizned Jesvelopmental systems. They are alsc
responsinle for stating ROM fuancing reguirements, plannsd approach, and

o

iiastones for impliementation of RIM in tne PP, tas CIP, and otner
appropriate Jocumencation.

2.3 RQM/ILS Review Team Establisiment

This function establishes an RIM/ILS review team for each systam
development program L0 monitor ths adequacy of tnhe RCM 2ffort and in
particular to ensure an effective interface with the ILS activity. The
individual project managers ars responsible for providing (or requesiing the
Director of Mzintenance to provide; a person to chalr the reviaw tzam charged
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with monitoring RCM implementation as a part of the ILS effort. DERSO and the
Product Assurance Directorate are part of the review team and as such
participate in monitoring the RCM implementation efforts.

2.4 RM Techniques (Participation with Higher Commands)

Tnis function participates with higner commands in developing, refining,
and implementing RCM logic and analysis techniques. This 1includes
investigating improved, cost-effective methods, covering on-condition,
condition monitoring and hard-time maintenance. Many of tne progrars
desoribed in Seztions 3.0 and 5.0 of this plan are to develor improved
techniguss that are oriented toward enhancing AVSCOM's capability o
implement tns RCM process on both new and fielded aircraft systems anid
components rapidly and cost effectively.

A key aspect of tnis function is to coatinually r=fine tne ACM decision
logic {se2 AMC-P750-2) to reflect the sp2cific needs and characteristics of
Army aircraft systams and camponents. ~VSIOM has developed as part of thlis
function an Army aircraft computer-aidsd RCM decision logic process. Tais
camputer aided RCM decision logic process is described in Appenair A.

2.5 ROM Requirements (Inclusion in Contract/Program Documents)
Tnis fun2tion assures tnat RCM requirements, in the form o RAM and

lozistiz support concepts/parameters, are lasntified to the applizable systan
or prosram manager for inclusion in cosniractual dozcumsnts angd in prograT

‘
documents ‘=.g., justification of mz o srstar naw start {(JMSHS), latier of
agraepeny (LJA), raguired opsrationsl czpacility (ROC), Lattar rzjuirement
R}, trazining dsvics reguirsment ‘TIF), program manasament r_an (OME,
azquisition gian (A%, r=agusst for progssel (AFP, .. Detziled io
RCM anzlysis and planning for szligdation 2z well as thz s enz.saring
2ffory wnizn must 22 parformed during the operziional are 1o D2
preparal and raflectad in ths program rszulrament documents.  Trois faaction
also in2ludes assuring tnat tns contracturzl reguirement for RIM 1s adsgustaly
cross-rzfe-enced wnsn invoidng the raguirament for an (8L pian viz latz Itax
DI-L-7l17A. AMC PAM 750-2Z provides zulzance for appliying HIM as zare of tas

ILS process.

Tr.les fanction a-sd> detarmines wasn "fuil-up" KRCM can and cannot e
sconiczlly applied ©o flelded systems znd Tnose in iats gevelopment phazses.
Tni3 Includes maintzining formal records -2 documen: any decision.

Trnis funztion z1sc assures continuing appiication of RIM o zll product

Improvaments for assigned systams waicn wers developed using RIM teonniguss.

=204

2.6 Developmental Systems: RCM Application (Life-Cycle)

Tnis funstion impisments RCM for assigned systens in cooriinziizsn wiin
thne system/program manasars. Tne managers are rasponsidble for providing (or
asswring provision of. thne ingredients essentizl to an overall, 28fe2tive RIM
program for assigned systams. This Includes appriczation of RIM tasks

tnrougiout z system's Lifz-cycls. Tnese _ife~cycle tasks ares as fo2llows:

conospt Exploration

Tne RCM tasks and how tney interface wish the I3 prooess ars
olanned during tniz pnase. Tnz pl2nning aadrassses ns intarrzlztag
otjectives of R&M, tne mzintenanze 2.an and RIM and must 22 in




accordance with the approach, milestones and funds required to implement
RCM as specified in the PMP, CTP and other appropriate documentation.
Historical data from existing systems are reviewed to relate past
experience to the logistic support requirements cof the new system.
Logistic support alternatives are evaluated including the anticipated
scheduled maintenance burden of each alternative and any anticipated
advancement in reliability and safety design techniques which would
impact the projected maintenance burden. The project manager 1is
responsible for establishing the maintenance concept to include
identification of the capability required to retain those safety and
reliability parameters incorporated during design.

Demonstration and Validation
During this pnase:

{1) A FMECA (functional) 1is performed, criticality
thresnolds are allocatsed to tne system znd
subsystems consistent with R&M and safety objectives
and any needed design improvements are determined
and corrections identified. The maintenance plan
identifies tne capability needed to retain the
safety and BR&M parameters Iinczorporated in the
design. Fzilure modes remaining in tne
nonaccepiable range are designated as design
deficiencies to be correctel during the devslopment
pnase.

2 A2t decisions are recorded In tne systza [SAR and
updzced oy spplication of RZM logic atalysis) as

: Mzlntenzance plan reguiranests inclaliing contrzch
reguliraments pas=2d on RIM considsrztions zrs
develop=d and incorporatad Ints appropriate L3As.

o ACM implementation is monissrad by tn2 ROM/ZLS

reviaWw o2dgn.

During tnis phzses sufficient datz2 a
Jevslzpment of firmm R&M/logistias suppod
Thn2 subsegquent requirament documents.

Zocumentad to support the
objectives for inczlusion In

"
"

<t

u_. Scals Development
Luring tals phase:

_ RCH cocumentation is uplatsd (dyv appiication of RC
1ogic 2naiysis) at the daginning of tnis pnhass and

neraafter as reguired.

#4zCASs [azrdwars; are perforused o an indenture

lavel ons nigner tnan tne 1owast level at which

corrective and praventive maintenancs are

o
[yt

oresoribed. An analysis of cth2 failure modes is
performed at the lowest level wnare corrective znd
prevantive malinta2nance are prescribed. Llso

niscorical data {rom existing systems are reviewad
to asswre tne aleguacy 3L Tne jata dass prisr o
tne subsequent RCM logic zna_vysis.
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A complete RCM logic analysis is performed to
define specific condition monitoring, on-condition
and hard-time replacement maintenance tasks or to
identify the need for design improvements.
Maintenance tasks are specified for each maintenance
significant component failure mode in accordance
with the maintenance task(s) identified by the RCM
logic analysis.

Corrective maintenance analysis is performed to
deternine maintenance tasks that are reguired for
each repzirabls item. This analysis tzxes into
account thne n&M characteristics of the esuipment
desizn as reflected in the MIBF and MTTR analyses.
The acsguacy of tne overall maintenanze plan,
including the preventive maintenance chezks and
servicaes (PMCS) and assigned maintenance levels, is
evaluated during tais phase in accordance witnh the
appropriate test plans.

RCHM implementation is monitored by the RCM/ILS review teanm.

“roduction and Deployment

furing this phase:

/-
[

\
/

mainianance with the

Mzintenance procedures are dsveloped for
= tne RCM

logiz =

Mzirnzenanc RCM analyses
ars Lnzorpor £ tecnnical
pub’izztion Thi : % cnheiuling aad
prepariag/orocarin Lsiosns 5
Zppoizzzie techni L33
PMCS, zt=zchnic

signifizant
are conducted.

Appropriate intervals ars de

maintenznee task. Also tn=

mitizary p2rsonnsl Lo perform schedules maintenance

raviewed To determine if It is rezsonznle and is
minimur ess=2atial for ths retention of safaty
r2.2apility thal was cesigned intz tne sysiem
=., a burdansome maintanange sysieT 22nn0t
nsate for an inadsjuate Z2sizn.).
Intenance concepi/pian is fully d
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iy performing the szhedulei maintenance
servizes and to 1identify neesde ljustaencs To ohe
maintenance and reliapility Imp

2.7 Fielded Systems: RCY Application
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function impiements RIM on fielded systams. it
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following tasks:

(1) Performing a FMECA based on field experience data. This
includes reviewing historical data fram existing systems and
assuring the adequacy of the RCM data base and available LSAR
records.

(2) Performing RCM logic analysis in accordance with AMC Pamphlet
No. T750-2.

(3) Developing PM task specifications and task intervals from the
RCM logic analysis.

(4) Performing reviews of existing depot mzintenance work
requ.rements (DMWEs) and supplemental doczumentation and
assu-~ing that new DMWRs reflsct the RCM philosophy and data
requirements. This includes preparing scnedules (AMC Fora
2650~R) for IMWR reviews in accordance with AMC-R 750-9. The
review schedules must inziude all DMWRs being revised based on
the RCM pnilosopny as well as thosz being processed with RCM
incorporated. It also inciudes preparing DMwk final reports
showing tne savings derived from tne application of RCM logic.
Tne final reports are dated and identified to IMWR number,
national stock numbar, ncmenclature, and model. Total cost
(organic/inorganic, of tne DMWAR review is included. The
following informatisn is inzluded: manhowr savings, mannowrs
cost savings, parts cost savings, materiel cost savings, and
net cost savings. Any partinent comments are a’so included in
tn2 DMWR final reporis.

A xzy 2lement c¢f th2 DMWE reviaw tasik is tne inzorporation of on-zondition
ozintenznze (OCM) tarougr preshop analvsis (B34, PSA is performad on
2irerall systams and componenis updn their induction into tns dspot. It is =
1ogical inspextion process witn tne inspeotion foousing on tre reasonls, way
The It2m was 32nt Lo the depot, one component cperating times anc tas
conzition of the hardware. B2s22 on condicion tne inspelidr spe2ifiss tnus
axtent of disassembly and rspzir nesded t:z be performei. Criteriz for furtaer
assessing tne condizion < zirzcraft coxmponents are coatlinuously Leing
daveloped oy DERSTO and inziuded iIn rev Tne

L 7lsions Co0 tas 3pplicaole Mwrs. Tn
revisel DMWRs requirs pays-2ai ani functionz. inspection as part of tne P34
process to determine the extent of repzir, modificzation and par:t replzcamen:
r2quirei to return tne itsr o 32rviceanis status.  AS 2 result unecessary
overhaul 1s eliminatel and maintenance parformed only when the condicion
warrants it. Tne procedure for reviewlng ana revising appiicapls DMWEs tc
raflect RIM-OCM inspsction and repair is given in Ippandix E.

t3) Planning and implementing the airframe condition
svaluation’/alircraft analvoical condizion evaluztion (ACE/4ACE)
orogram.
T2 ACZ/AACE program invoives an annusl evaluation of tne condition of an
zircralt in accordance with z carefuily assigned profiling technigus walizn 2an
22 easily appliied by trained parsonnel. 1t uses a profiling tscanijues for

evaluating aircraft condition anc for identifying items most 1o n2ed of depot
mzintsnance., The program provides a meaningful and Inexpensive methoa for
ranking the aircraft witnin tne flest as candidates f{or depot Level
qzintenance. ACE uses for iss avaiuation z representative list of iIndizators
of structural condition seiezted for eacn zircraft type. /cical indicators
incluze the condiczion of the main 1ift bean, the nose fuselage skin, and tas
4CDer buiknead. wW2ignts are tnen assigned to cacn of tne inalcators using
ranking and cdistribution techniques. Each indicator is further definel by
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condition codes which depict the conditicn of the indizztor, i.e., no defect,
cracked, buckled, etec. AACE, a special corrosion structural examination, uses
a representative list of indicators on corrosion only and has condition codes
for the degree of severity. The basic aircraft structure is examined for
corrosion defects together with an assessment of the external areas of
components, both structural and dynamic, for deterioration caused by
corrosion. AACE pertains principally to fuselage structural members that are
replaceable at the depot, but also pertains to dynamic components and
component structures.

(6) Supporting the bearing reclamation program. This includes
establishing basic quality assurance and repair/replacement
criteria for bearings with and without finite 1life
requirements as listed in the applicable aircraft T and the
specific end-item IMWR.

(7) Performing age exploration analysis in accordance with AMC-P
750-2 on those items identified oy ths RCM logic analysis
where a failure relationship between age and reliability must
be established. In the early stages of an equipment 1life
cycle, the age-reliability relationship may not be perfectly
understood causing conservative estimates of the frequency of
scheduled maintenance. As operating experiences are gained
this information is used as <the basis to perform age
exploration analysis and uwltimately used to adjust the time
pariocds {or s2nsduled maintenances a2s well as o valiZate the
maintenance program.

2.8 RM Data Bank

Tnis funection establisnas and meainizins AVSZO4's RIM data bank.
performance of RCM logic analyses as well a5 other RCM/ILS tasks reguirss
availability of an extensive and cumulative base of data and informa:
“onsequently, AVSTM campiles data for tnls purposs and maintains a campl ,
user-friendly on-going KM data bank =zt CCAD. Tne data are continually
r2fined and updated to include the amost recent field sxperience information.
Jnce validatad, these data are used to update the part failure factors used as
tne oasis for RCM/ILS analysis and to perform reliability-age exploration
analysis as part of a sustaining engineering activity. Also key datz output
oroduzts as well as essential R&M numsrics are derived fram tne RCM data cank
including: Mean Time Between Fallures (MIBT); Mean Tims To repzir (MITR); and
Failurs Mode, Effects and Critiecality Analysis (FMECA) dats 2nd data for otnsr
scatistical zanaivses.

MI3F numerizs are derived Iror thz fizld experisnce data in tne RIM Zatz
oank and used to determine basic part replacement rates. Tney can alss be
Zir2etly Inputted o logisties analyses and trade~-off studies of altsrnative
designs. 3Similarly, MTTE numerics are derivea fram the field data and used to
determine (via tne ILS process) the numbar of psople reguired :to maintzin a
given number of systems within a specified time pariod. Maintenance
enginesring data allow decisions to be made regarding difficulty of
maintenance (whicn translates into personnel skill levels), tools and
equipment required, consumable items used wnile performing maintenance, and
Tacilities required.
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2.9 ROM Cost Avoidance/Maintenance Reduction and Accomplisiment Reports

This function:

(1) Prepares yearly cost avoidance reports involving savings from
applications of RCM. Cost avoidance reports have calendar
year and accumulative savings (since inception of program).
Yearly cost avoidance reports are required by HQAMC, ATIN:
AMCSM-PM by 1 March.

(2) Documents/assures contractor documentation of all reductions
(in field effort) in maintenance actions, inspections, etec.,
made possible as a direct and specific result of the
application of RCM logic.

(3) Submits an accomplisnment report (AMC Form 2460-R) on all
equipment publications reviewed using RCM logic that are
scheduled in accordance with existing AMC guidance (see AMC-R
750-8, Appendix A).




3.0 OVERVIEW OF THE RCM PROGRAM PLAN

The purpose of the RCM program plan is to provide a framework for
facilitating and enhancing the accamplishment of the RCM functions. The

intent is to further implement the RCM process on Army aviation systems and
components in order to:

A. Assure that current Army aviation maintenance tasks mitigate
all prevalent failure modes.

B. Establish additional maintenance requirements, where necessary.

c. Help identify and/or anzlyze critical parts, including
maintenance significant items (M3I) and structurally significant
items.

D. Measure and evaluate failure rates and modes.

E. Identify items with potential for improved reliability.

Specific programs focus on:

(1) The development of improved, cost effective maintenance plans,
methods, work requirements and material manazement techniques
2) The application of the RIM decision logic to prioritized aircraft
3) Tas collsction, reduction and entry of expanded data into the
AVSCOM RCM datz bank
{4) The performance of more complete RCM data analysis and the
preparation of couprenensiva ussr reporis
Tn2 przparation of maintenance support guldelines and ctraining
ial, tne implementziion of EREIM <raining and tne
lisnment of 3 more 2zost-2STective RCM and integrated
‘o support (Z.5) interf
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Tine prograt pian, as well 2s many of the specific programs, 1s orlentad
toward ennancing ths Dirsctorate of Maintenance's capability to support
LUSCQ*, Systams Managers and CCAD's proiested workioad for FY 13906-3L4.  The
dspor work load requirements are defined in CCAD's modernization plan, &
AuZusT 1935, Appandix C, adapted from this plan, provides a brief summary
deseription of tne naw aircraft systems ¢ bs maintained at CCAL.

Tne application of tns RCM program plan in che aczcompiisament of the RIM
funztions is illusctrated in Figurs 3-1.

F-~llowing is a list of spscific programs by prograzi arsa:

k. Mzintenance Planning
1. Aray Aviation IMWR RCM Review

~ & ~ - ~qT ; -~ )
° Change from "CompLete" Oversnaul t©> "On-Condition"
Inspection ani hkepair
- et - T T
Z. T52-L="38 Engins Rebulld

E. Mataocdology
1. Automated Fzilure Mode, Effects and COriticality
Analysis
Link FMECA/RCM Analysis to RCM Lata Bank
. Updats RCM Decision logic

(WS AN
.




Y 8 87

2% ¢ Development of Maintenance Plans, UMWR Criteria §
Procedures § Material Management Techniques
Agflication of ROM lLogic tc Prioritized
Airgraft

Collection, Entry & Analysis of Expacqed
RCM™ Da:a

freparation of User & Managezent Su—cary
Reporis

Preparatidn 0i Mainilenance S..de.ines, Irailnin
~Yater:ial, laplementation cf =IM Tra

oe A

— Engine Unly ———— Al Jynamic (Coponents ————e auIoTalic Aviaticr
ane Alrirace Logistics Data base

tacilitate ana Enhance the

rigdare >=1 Application of tne RCM Prograu Pian

ACE/ARCE Improved Methodology and Inspaction Equipment
Life Extension Prediction Msihodology
Development/Appiication

PAMS Improvements

6.

7.  AOAP Anziysis
Rﬂrl

1

N =

<M Application
. Apply RIM to AB-24

Z.  Apply RTM to UH=~nd

3. hApply RIM to Cr-LTD

4,  Apply ROM o DH~34D

. BApply RIM to LEX

Matarial Manasement

1. Corrosion Control: Program Suppor:

2.  Serialized Parts Lifs Tracking Systan

e T700 Engine
e All Flight Safety Parts
Maintenance upport Guides, Training and ILS In‘erface
1. Update Depot Maintenance Handbook
. uUpdate ACE/AACE Handbooks
. Uodate ACL/AACE Pampnlets {750-1 and Z series)

o




4, RCM Training

5. ILSA Interface Requirements
F. Data Elements and Utilization

1. Expand Data

Include:

° Airframe PSA Data
° Transmissions

o Gear Boxes

° Other Components

Airframe ACE/AACE Data
2. Expand Utilization
Include:
Failure Rates by Component, Part, Geographical Area
Failure Modes
Transmission Reliability Reports
Gear Box Relizpility Reports
Airframe Reliability Reports
Other Reliability Reports
Rejection of Serviceable Items
Flight Safety Parts
High Cost Items
fHigh Rejection Rate Items
Critical Par+t/Component Shortage Items
Early Return Coaponents {reduced 130)
Critically Desiznated Rsadiness Parts
(i.e., fuselage external stores, armament interface, 2t0.)
° Age Exploration
° Computer Aided Analysis Routines/Models
. Managenent Summary Reports

Taz2se 24 programs have besn esiablisned for tne five year parisd starsin

v

AV
[}

FY 52. zach of tnese programs ani tneir timeframes are dspicted in Figurse X
and zre identified to prograz arez and numbar 2s above. Tne followlr
seztions (4.0 through 3.0) proviiz z Jesaription of sacn of tne =CM program
and prasent timelines for their devalopment and application. The indi:
prograzm descriptions are keyed to the program arsas and timeframes aepi
Figure 3-2.
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4.0 MAINTENANCE PLANNING

Program Area: Maintenance Planning
Program: A-1 Army Aviation DMWR RCM Review

Description: - To conduct an indepth review of depot maintenance work
requirements ~ (DMWRs) for RCM implementation and to develop specific
requirements for applying RCM techniques to depot-level maintenance. This
program is to assure that the basic RCM pnilosophy, in accordance with DARCOM
-R750-9, is incorporated into the DMWRs managed by AVSCOM. The DMWRs are to
be reviewed and revised, as necessary, to include pre-shop analysis (PSA) as
an integral part of the maintenance process. Through P3A the condition of an
item is determined prior to performing maintenance and used as the basis to
determine only <hose repair or overhaul procedures which are essential to
return the item to a satisfactory serviceadle condition. A procedure is to be
prepared for developing RCM/PSA requirements that assures that the inherent
design reliability and safety of the repaired/overhauled items are achieved
with tne performance of the least amount of maintenance and that overhaul is
accomplished on a rational basis. An initial 40 selected DMARsS are to be
raviewed in acoordance with thnis procedure and AEDS are to be generated. In
addition, AEDs are to be prepared to implement mobilization requirements
{(i.e., to eliminate the minor repair criteria or to extand the operating nour
ceiling) for these 45 DMWRs. A list of all DMWRs managed by AVSCOM is to be
developad and maintzined. The DMARs are to be categorized as "on condition”
or & "tine change" item, anad z schedule is to be preparec for implementation
of RZM ana mooi_ization guideliines. The DMWRs are then to be reviewsd and
AEDs preparad irn zccordance with the RCY DMWR review procegure a1 ths tims

periods identifies in tne DHWZ review imtilemantation schequis,
Time Line:
Prograr noativity F7 358 | 7Y 25 | 7Y S5 | FY g bV ET g2

® Prepare RTY D4dr- raviaw M
procedure {s=s £ppengix 3
® ADply proceldurs to initial 40 DMwWR3
- Review DMiBs —4
- Develop PS4 coritaria/guidelines
- Prepare AZls
- Prepare DMwr reporis
with ©ost anzalysis

e Implement mozilizztion

requiremencs on tne <40 DMARS A
ey S, ol On-Go1ing
® Deveiop/maintain Mdn o—o - >
control lisu/scnazuls
)
| o .
e feview "all™ AVSIOM managad Y On-¢oing >
DMJRs for RTM
On—@oing
® Prepare AZDs for RC4/mopilization -
Notes: {1} Initial list/scnedule
A Compietion
2C
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n Program Area: Main.tenance Planning
Program: A-2 T53-L-13B Engine Rebuild

Description: - To plan and implement a program whereby selected engines
coming in for depot level maintenance will be rebuilt to achieve like new
performance. The rebuild program will use replacement parts now being
3 processed for this program to meet original manufacturing tolerances and
specifications. Performance testing standards will be established for the
3 "overhauled" engines in order to improve field reliability, extend life and
ultimately improve the field operating intervals. Through this program the
reliability of the engine will be maintained at a high level, its useful life
will be the same as a new engine and there will be a decrease in the cost of
maintaining the engine because of an increase in time between depot returns.
This engine rebuild program is oriented toward extending the life of the UH-1
helizopter fleet to the year 2010.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

e Prepare program AED =—t—-l—A

® Process parts for
rebuild program

e =stablisn periormance/

reliability testing —4A

standards 1

- -
e Z=duild engines Y —-A

) Coordination/raview

) Repuild 200 Engines

) Continue rabuild program until al T53-0-7135 engines
} have cvcled tarough the depot

Notes:

A Completion

ro




[ 2

5.0 METHODOLOGY

Program Area: Methodology
Program: B-1 Automated Failure Mode, Effects and Criticality Analysis

Description: -~ To prepare a computerized application procedure for
identifying thé likely modes of system failure, their effects on the aircraft
and their criticality. This procedure will be developed to allow the FMECA to
be conducted on-line using a remote microcomputer terminal(s). The process
will be structured to have a flexible interface with the RCM data bank. A
data base management system will be selected and tailored to meet AVSCOM's
needs that offers complete record management, work processing, forms entry,
data processing, report generation, conversion utilities, disk utilities, and
a high-level programming language combined within a single architecture. Data
resulting from application of the automated FMECA will be used as direct input
to the RCM decision logic analysis to determine the optimum combination of
maintenance tasks including hard-time, on-condition and condition monitoring
or if redesign is needed in order to prevent a failure mode., An automated
FMECA will allow current and future RCM application objectives (see programs
C-1 through C-5) to be met guickly and efficiently.

Time Line:
Program Activity FY Bb FY 89 FY GJ FY 91 FY g2
® kefine/engineer
Lne FAZCA process ] A

® “repare computerized
procedures and assoclate +—

£
S50 .ware

® J=nonstraie wn=

computer-alded process A
on 2 selected zirceraft
system

® Prepars user (1 {2)
nandbook —A
dotes: Prepare draft nandbcok

[ RS
NN

Review, reviss as nezessary
b -

PRI

>

completion

o
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Program Area: Methodology
Program: B-2 Link FMECA/RCM Analysis to RCM Data Bank

Description: - To structure the FMECA/RCM process to have a direct interface
with the RCM data bank. This will provide AVSCOM with the means for the rapid
development of a uniform and complete RCM~based maintenance program using data
on-line from the RCM data bank. The long term objective is to develop the
process such that ultimately it will include direct coupling into a yet to be
developed fully computerized integrated logistics support (ILS) system.
Direct linkage to the RCM data bank will speed up the process of performing
FMECA and applying the RCM decision logic process to aircraft systems and
components. It will reduce cost, ennhance the uniformity of treatment and
provide a well organized, readily accessidle data and procedural audit trail.

Time Line:

Program Activity FY 88 FY 89 FY 30 FY §1 FY 92

e Irocure nardware

e Prepare computerized
—A
procedures

e Demonstrate/validate
—
orocess

® Trapare user o

nandooox

dozas: (1) Prepare draft handboox
{2) Review, revise as necassary

A Complezion




Program Area: Methodology
Program: B-3 Update RCM Decision Logic

Description: - To update AVSCOM's computer-aided RCM decision logic (see
Appendix A) to reflect the decision logic questions, criteria and data
requirements of AMC-P 750-2. This pamphlet covers the method and procedures
for performing RCM and is to be used with MIL-STD-1388-2A for developmental
systems or by itself for fielded systems. The logic process presented in the
pamphlet is based upon the premise that maintenance cannot improve upon the
safety or reliability inherent in the design of a hardware system. Good
maintenance can only preserve these characteristics. It dictates that
maintenance shall be performed on critical components when it will prevent a
i decrease in reliability and/or deterioration of safety to unacceptable levels
or when it will reduce life-cycle cost; maintenance shall not be performed on
noncritical components unless it will reduce life-cycle cost. The computer-
aided RCM decision logic system will be demonstrated on a selected aircraf:
system and, if approved, applied to the selected/prioritized aircrafts under
programs C-1 tnrough C-5.

Time Line:

.ﬂ
=
(0]
oo

Program Activity FY 89 FY 90 FY 91 FY Gz

® Review AMC-P 750-2 —ah

e Prepare updat2d RTH
compu:eri;ed procadures A
and associatec
software

e D=anonstrate RTA on a A
selected aircraft svstam

® >rapare uggated (2 2
user nandbooxr

Notes: () AV3STOMY approval

Prepars d”aft nandbook
Raview, revise as nacessary
A Zompletion
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Program Area: Methodology
Program: B-4 ACE/AACE Improved Methodology and Inspection Equipment

Description: ~ To increase the efficiency, technology, and accuracy of the
methodologies and inspection equipment used in the ACE/AACE programs.
ACE/AACE as part of AVSCOM's OCM program (in accordance with AR 750-7) is
performed annually or all first line/mission essential Army aircraft worldwide
to identify those that are in the greatest need of depot maintenance. ACE
encompasses the structural integrity of the aircraft in areas such as the main
1ift beam, the noss fusslage skin and the upper bulknead; the 4ACE is an
examination of :ne external areas of the aircraft and its components, botn
structural and dynamic, for deterioration caused by corrosion. Record Keeping
and tnz manipulatior and anzlysis of data are acccmpiisned by automated means.
New porzaple automated ponded noneycomp structure ins ection eguipment are
used by tne ACL/AalE team to improve the efficiency and accuracy of tn
on-site evaluations.

This program places emphasis on data/trend analysis and improved feedback
of aeficiency information to tne AVSCOM Directorate of Engineering and to tns
operating units tc more reacdily identify maintenance problems for timsly
resolucion and on using AACE data to correct corrosion problems at AVUM, AVIM
and tne depot. It includes aevelopment of an improved tnreshold methodology
ang masnematicai/statistical formulae that combines tne ACE/AACE indices intc
= singie index s5ased on appiication of axperimental design and statisticzl
prozess control (SPC) tecnniques.  ALSC n2W Or upgralst diagnostic eguipment

and on-site cecnniques will 0s acquired or developed to furtner

=)
b=

{

improve ne and accuracy of the on-site evaluations. This
inziudes upzg 5ons inspection ejuipment to Improve 1ns zgcuraly and
szfaty znc dav oing device o measurs tns depin of corresion.
Time Line:

T8 YOS FUool FY i oY oSz

® L:2veldr Improver

INeloaw Y] - e T
ACT/AACE metncaziogy

e [avelop/asquire imgroved 1) (2

inspezction 2cuigmant ﬁ‘j J
v . T T A < ~- 4 -
Notes: i) Upgr inspection eguirment

, LOrrIeEllIn o uramanc Jdevics
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Program Area: Methodology
Program: B-5 Life Extension/Prediction Methodology Development/Application

Description: -~ To develop experimental and analytical methods for predicting
the remaining safe and useful life of aviaticn components. This includes
evaluating the techniques used to measure the amount of degradation caused by
various material degradation mechanisms, i.e., fatigue, creep, creep/fatigue,
corrosion, stress corrosion, erosion, corrosion fatigue, and thermal
embrittlement. It includes evaluating nondestructive and destructive
measurement techniques including metallographic replication and testing of
miniature specimens. It also includes evaluating analytical procedures used
to model and estimate damage aczumulation and remaining life wnich integrate
the materials propertiies, component configurations, and operating parameters.
Those techniques considered most applicable will be used as the basis to
develop/tailor individual aviation component life extension models. Tne
component life extension models will then be incorporated into a complete
overall methodology that meets the needs of AVSCOM and reflects consideration
of both the econumic benefits and thne safety concerns that impact replace or
repair decisions. The methodology once approved will be implemented by DERSO
o estapnlish specific criteria for assessing remaining life. Applicable
riteria will be incorporated into PSA, CFD, PEM and breakout programs.

g

%
~
~

Time Line:
Program Activity Y 38 FY 89 FY 3C 7Y 3% FY Gz
e Trepare life extension N
orogram plan
° nvestigata taonnigquas
for _ifz2 extension —ah
oredicIion
e DSelect components
Fal R o) - - i
for Life 2=xtension
e Dovaiop/tailor life
2ntension model for — -
2acqh componenc
® rormulatz life
axtension methedcelogy -
® _mo.ament lifs extencsion
MeTNOGoLOZY/moasls
10 32p0t maintenance
iz P3A, CFD, P4
2nZ Sreakout)




Program Area: Methodology
Program: B-6 PAMS Improvements

Description: - To improve the predictive aircraft maintenance system (PAMS)
ability to identify system performance degradation early enough to safely
terminate flight and/or effect repairs. The overall objectives of the PAMS
(as part of the RCM condition monitoring function) are to: (1) predict
imminent failure in sufficient time to allow a safe landing, (2) predict
impending failure in time to acquire parts and schedule repairs, (3) use
expert systems to enhance troubleshooting, (4) make it operable at AVUM ang
(5) provide f{leet wide camponent trend data, on-board fault annunciation &
prioritization and automated logbooks/historical records.

This program includes developing a Dortable engine analyzer test set
(PEATS). PEATS is an instrumentation package whicn can be installed on
nelicopters without permanent changes in the zaircraft configuration. It
provides referred engine performance diagnostic aata for improving operational
reliability through early problem identification and repair which reduces
inflight problems and increase flignt safety. The diagnostic data obtainec
on eazn aireraft prior to phase inspecticn will identify hidden proolems for
correction during scneduled down-time. Also, the discovery of hicasrn
deterioration in its early stages allows repair before secondary damage occurs
on other related parts which lowers the lifg-cycle cost of maintaining an
aircraft.

Current plans also call for developing an improved on-board dizgnostizc,
prognostics and flignt data recorder system and oetter interface procedurses
and data transfer hardware for automated pradiction, troudleshooting and dzte
recording.

Time Line:
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Program A2tivity 13

+

e Develop PEZATS —aA

e evelop improved
flignt cata recorder -

7125n038s

A Ccmplezion




Program Area: Metﬁcdology
Program; B-7 AOAP Analysis

Description: - To prepare plans, investigate and establish improved
procedures and techniques and identify candidates for the Army oil analysis
program (AOAP). This includes establishing procedures for implementing
required ferrographic tests, investigating portable wear metal techniques and
determining the feasibility of optimizing the oil sampling intervals.

~

e

Time Line:

Program Aztivity FY 38 FY 89 FY 90 FY 91 FY 92

e Implement required
farrographic tests

e Investigate portable
wear metal techniques

e Optimize sampling
intervals

A Compietion




6.0 RCM APPLICATION

Program Area: RCM Application
am: C-1 Apply RCM to AH-AU

Desecription: ~ To develop maintenance and logistic requirements by applying
the RCM process to the AH-64 aircraft using data from the RCM data bank. This
includes reviewing and/or performing FMECA; applying the updated RCM decision
logic (Program B-3) to determine the optimum maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that
integrates the RCM tasks and ILS requirements into a complete, cost-affective
maintenance program. This involves applying the computer-aiaesd process
developed under program B-1 to identify safety critical parts and to develop
part failure mode criticality data.

Time Line:
Program Activity FY 88 FY 89 FY g0 FY 9 FY g2
e Perform F4ECA —aA
i
]
e Apply RCM decision ¥ (1

logle to icentify:

- Hardtime

~ OJn-condizion

- Condition Monitoring
mzintanance regulirements

I
!
|
|
|
!
\ s v (2
e Implement RCM decisions H -
oy d=fining: .
t
i
1
|
i
1
|

- M task regquirements
- ZSAR "B" 3neet data
- Phase maintenance
: orograms
~ Task frequenciss/
intervals

e ’repare maintenance Y & SR A
pians {intezrating
M tasks and supporis
reguirements into
s IL3 plan)

Notes: (1 applicadle

Review decision logic data and rationzle, reviss a
Review maintenance and _3AR data, reviss as applicad
Update maintenance plans using actual reliability-age
experience data
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e e

w

{
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Program Area: RCM Application
Program: C-2 Apply RCM to UH~60

Description: -~ To develop maintenance and logistic requirements by applying
the RCM process to the UH-60 aircraft using data from the RCM data bank. This
includes reviewing and/or performing FMECA; applying the updated RCM decision
logic (Program B-3) to determine the optimum maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that
integrates the RCM tasks and ILS requirements into a complete, cost-effective
maintsnance program. This involves applying the computer-aided process
developed under program b-1 to identify safety critical parts and to develop
part failure mode criticality data.

Time Line:
Program Activicy TY 88 FY 89 FY 90 FY o1 FY g2
e Perform FMECA —+—A
1
1. o) 3 3 . i ( 1

e Apply RCM decision —a

logic to identify:

- Hardtime

- On-condition
- Condition Monitoring
mzaintenance regjuirements

e Implament RCM ascisions a2
oy d=fining:
- ¥ task reguirements
- ISAR "B" Sneet data
- Phase meintenance
programs
- Task {reguenciss/

C. -
inutervals

® DPrepare maintenancs
plans (integrating
M tesks and support
requiraments iato the

(31__ a

I.3 pian)
Notes: (1) Review decision logic date and rationa’ls, reviss as app.icable
{2) Review maintenance and _SAR data, ravise as sgpllicadle
(%) Update maintenance pians using actual relizbilitv-age

5
azperience data

A Completion




Program Area: RCM Application
Program: C-3 Apply RCM to CH-47D

Description: ~ To develop maintenance and logistic requirements by applying
the RCM process to the CH-47D aircraft using data from the RCM data bank.
This includes reviewing and/or performing FMECA; applying the updated RCH
decision logic (Program B-3) to determine the optimum maintenance tasks;
implementing the RCM decisions by defining specific task requirements,
developing logistics data, defining phase maintenance programs and identifying
appropriate maintenance task frequencies/intervals; and preparing maintenance
plans that integrates the RCM tasks and ILS requirements intc a complete,
cost-effective maintenance program. This involves applying the computer-aided
process developea under program b-1 to identify safety critical par<s and to
develop part failure mode criticality data.

Time Line:
Program Activity FY 88 FY 39 FY 92 FY 91 FY 92
e Perform FMECA —tdh

® Appiy RCHM decision
logic to identify:
- Hardtime
- On-condition
~ Condition Monltoring
mzintanance reguirements
e Im:_2ment RIK zz2isions
oy d2fining:
A task reguir
- _3AR "2" 3Snes
- 2hase me
rams

[ LS

L
LL?B

< g man
~noen

W ot
3
(8]

n |(3) A
pians (integrati
" tasks and suppo
reguirements int

1.5 plan?

Notas: feview decislion logic data and rationais, revise as applicadbls
neviaw malntenance and LSAR data, revise as applicaole
Update maintenance pians using actual reliability-age

experiance data
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>
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Program Area: RCM Application
Program: C-4 Apply RCM to GH-58D

Description: - To develop maintenance and logistic requirements by applying
the RCM process to the (H-58D aircraft using data from the RCM data bank.
This includes reviewing and/or performing FMECA; applying the updated RCM
decision logic (Program B-3) to determine the optimum maintenance tasks;
implementing the RCM decisions by defining specific task requirements,
developing logistics data, defining phase maintenance programs and icentifying
appropriate maintenance task frequencies/intervals; and preparing maintenance
plans that integrates the RCM tasks and ILS requirements into a complete,
cost-effective maintenance program. This involves applying the camputer-aided
process developed under program B-1 to identify safety critical parts and ic
develop part failure mode criticality aata.

Time Line:

Program Activity FY 38 FY 89 FY 90 FY 91 FY g2

e Perform FMECA

e Apply RCM decision ()
logic to identify:

- dardtime

- On-condition

- {Conditior. #onitoring

raintenance reguirements

-=--_——£

e Impiement RIM dezisions B .’2)
oy da2fining: {
- M tasx reguirements i
- L3AR "B" 3ae21l data I
- Pnase maintenance |
programs \
- Tasit frequencies/ i
intaervals |

l
e Prepare maintenance u" 3. -4
plans (intezrating
M tasks and suppore
requiremenis into the

ILS plan)

Notas: (1) Review dacision logic data anc rationals, ravise as app.iczlis
{2) Raview maintenance and L3AR catz, reviss as spplicable
(3) Updata wmaintenance plans using actual relilapility-sge
experience data
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# ' Program Area: RCM.Application
J am: C-5 Apply RCM to LHX

' Description: - To develop maintenance and logistic requirements by applying

the RCM process to the [HX aircraft using data from the RCM data bank. This
includes reviewing and/or performing FMECA; applying the updated RCM decision
s logic (Program” B-3) to determine the optimum maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
b data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that

f integrates the RCM tasks and ILS requirements into a camplete, cost-effective
b maintneance program. This involves applying the computer-aided process
| deveioped under program B-1 to identify safety critical parts and to develcp

part failure mode criticality data.

Time Line:

Program Activity FY 88 FY 389 FY 30 FY 91

e Perform FMECA ——+

e Apply RCM aecision (1)
logic to identify: 'L—‘

- Hardtime !

- On-condition !

- Condition “onitoring !
mzintenance regquirementis 1

i
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ov defining: ‘;
!
|
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“4 task reguirements
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7.0 MATERTAL MANAGEMENT

Program Area: Material Management

Program: D-1 Corrosion Control: Program Support

Description: - To prevent and control corrosion in Army aircraft. This
includes assessing the extent of corrosion and its cost, investigating
corrosion detection and prevention techniques, formulating specific
recommendations to prevent or reduce corrosion in new and fielded Army
aircraft, and establishing a life-cycle Army aircraft corrosion control
system. It also includes preparing AVSCOM engineering directives (AEDs)
and/or appropriate publication change forms for revising aprlicable technical
manuals ‘T4s), depot maintenance work reguirements (DMWEs) and other haraware
r2quiranent docunentation to =ffect approved recomendations,

The corrosion control system 1s to emphasize early detsction and
correztion as well as data/trend analysis and timely feedback of deficiency
information. Prime data sources that are to be investigated during this
effort and incorporated into the corrosion control system include camponent
and airframe pre-shop analysis (P3SA), airframe condition evaluation (ACE),
aircraft analytical corrosion evaluation (AACE), AVSCOM engineering calls
(AECs), =quipment improvement recommeadations (ZIRs), guality deficiency
reports (QJDRs), and other pertinent experience data. A comprehensive
avaluation process 1s to be developad and used TO outputl the most rescent
corrosion oritical items. The prozess is tc take Inid account the type and
stage of corrcsion in an item 1in light of its scructural functiion and
critvicalicvy. Tne corrosion conirol syster (ang dats Daak) 1s Lo be appiied on
seiezted eircralt o laentify tne most significan rrosion proplams and U0
aevelop special repair procedures, speciliy wsar limils, prepare IlPs ana PIPs

Tne systam, once fuily aevaloped

and oLner a2ilons Lo 2orregi Tne proviens.
ana va_idzled zuring tals effort, will De structwres 10 Interfazs witn tne R3M
a an: and tnsn appiisd on an oOn-gding 23S1s o Lhe complete Army airzraft

Time Line:

Prograr A2tivity FY 56 Y ozy IY 9C FY g1 FY 32
e Assess magnitude of .

corrosion prodiem
® Reviaw corrosion detectiion/ A

prevenilion tecaniques I
e Devalor critaria/guidsline —A
® Devalop corrosion conirsl I .

;. - .. . . ]

svstam {(inciuding data bank N

and 1t3 iInteriace wita wns :

RC4 aats band :

v On-¢cing
e ADDly 20rrosion control system ]
Wotes: (1) AV3COM approval A Compiation




Program Area: Material Management
Program: D-2 Serialized Parts Life Tracking System (SPLTS)

Description: - To obtain serialized piece part traceability and analysis in
the RCM data bank in cambination with the depot autamated shop floor system.
SPLTS will determine exact operating times on parts at time of failure or
reject. This "information will be used along with the number (and causes) of
failure to determine basic part failure rates (age exploration). These
failure rates can be coampared to the failure rates in the LSAR B sheets. Any
discrepancy between the two rates can then be evaluated by further RCM
analysis and the preventive maintenance program adjusted accordingly (i.e.,
change inspection intervals, add additional maintenance tasxks, etec.). Also
any failures not anticipated can be addressed and a preventive maintenance
process estaplisned to prevent it. Initially SPLTS is peing implemented to
ostablish a datz base for T700 engine cycle-limited and other parts. It will
then be transitioned to track T53-L-13B repuilt engine parts integrity,
expanded to cover all engines, and eventually extended to parts of other
components.,

Time Line:
Program Activity FY 88 FY 89 7Y 39 FY 91 FY g2

e tstaplish T700 SPLTS
Z2ta base

e Transition 32.7S
sofiware ©o Lrack

reduise A
2ngine parcs Integrity
@ Incorporate seriail
numpers inte in-place

dapot automatad snop
f100r systenm

e txpand SPLTS

all enginss

cover

!
Q

e Exuand SPLTS to other
components

A Zompi2tion
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8.0 MAINTENANCE SUPPORT GUIDES, TRAINING AND ILS INTERFACE

Program Area: Maintenance Support Guides
Program: E-1 Update Depot Maintenance Handbook

Description: - To assure the adequacy of the criteria and guidelines currently
incorporated 'in the depot maintenance handbook and to provide additional
criteria and guidelines as necessary. The depot maintenance handbook will be
updated to reflect data and criteria developed from the IMAR review on the
forty (40) items conducted as part of program A-1, o include further details
pertaining to the maintenance and overhaul operations at CCTAD and to expand
the guidelines on the repair of wear or damage, such as small cracks. cuts ang
otner diocrepanciss, on gears, bearings, cables, hoses, valves, clamups,
connectors and other commnon aircraft parts and on tneilr restoralion to "as
new" condition.

Time Line:
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<
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Program Activity

® Zvaluate DMWR
review data and —aA

N - 3 -
crliueria

® 1=v=210p maintenance —_ A
guidalines
e Prepare updatad depot -

maintenance nandodook

Jdotes: (1) Prepare draft nandbook
AVSCOM approval

Review, revise as nezessary
Campletion
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Program Area: Maintenance Support Guides
Program: E-2 Update ACE/AACE Handbook

Description: - To assure the adequacy of the criteria and euidelines currently
incorporated in the existing ACE/AACE handbook series. ‘ine guidebook series
will be reformated and organized into a single, concise reference document
incorporating the latest indicator descriptions, additional criteria and more
detailed application guidelines. The ACE/AACE handbook will also be updated
to reflect the latest inspection methods and analysis techniques and in
particular the statistical procedure for determining candidates for overhaul
wnen using z combined ACE/AACE profiling process.

Time Line:

ry]
[
jos]
[¢¢)

Program Activity FY 89 FY 90 FY 91 7Y 92

[33]

e Review improved ACE/AAC
tnreshold methodology —h
(developed under

Program B-4)

e Develop guidelines

@ Przpare updated
nandbook series

£

Prepare drafl nhandboox
AVSCOM arproval

Reviaw, revise as necessary
Campl=tion
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am Area: Maintenance Planning

Program: E-3 Update ACE/AACE Pampnlets

Description: -~ To update the ACE/AACE pamphlets (series 750-1 and 2) to
include a description of the latest indicators identified by part number with
detailed photographs and to update the worksheets for each aircraft. These
pamphlets contain the information required to acceptably perform the data-
collection phase of the ACE/AACE. This information covers: (1) general
information including purpose and scope of the ACE/AACE program, applicable
maintenance forms and records, etc.; (2) detailed technical requirements and
in particular the specific indicators for each aircraft and the procedures for
collecting the ACEZ/AACE data based on the indicators; and (3) reporting
requirements. The computer codes used to facilitate the field data collection
are included in the appendices.

Time Line:
Program Activity FY 88 FY 89 FY 90 FY 91 FY 32
Identify the latest
e Identify a A

ACE/AACE indicators
® Prepare indicator

descriptions (including ——————
pnotograpnhs)

e Jpaate worwshests for
eazn of the 1 alrcraft F

e Prepare new training
matarial based on ifne —r——A
revised pampniets

Wotes: (1) Draft pampalet changses
(2) AVSCOM approval
{3) Review, revise as necessary
A Cauplietion
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Program Area: Maintenance Planning

am: E-4 RCM Training

Deseription: - To develop, organize, and implement a camprehensive RCM
training program. The training program is to provide the necessary
engineering skills and knowledge required to plan and implement RCM for
aircraft systems and components. The training program will cover FMECA, RCM
decision logic analysis, maintenance task specification, age exploration and
maintenance planning in accordance with the RCM/ILS process. In addition the
program will include specific training for effective use of trends and
patterns identification methods and other standardized procedures by pre-snop
analysis (PSA) personnel.

Time Line:
Program Activity FY 88 FY 39 FY 90 FY 91 FY 92
e Attend RCM train-
ing courses and —T
seminars

e Prepare RCM training

materials/scnedule

~ 1instructional
materials

- <tIraining devices/
aids

- instructor
raquiraments

- other sp=2cifics,
i.2., nuadar of
Jours=s, awr-acvion,
size and s2neduilin

Jn

e Investigats and
establisn appropriate — A
Trencs and patterns PSA
igentification
techniques

e Managa/implement On-Goig
overall training —»

(]

orogram
- enzZineering
- PSA

A Complstion
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Program Area: Maintenance Planning
Program: E-5 [SA Interface Requirements

Description: - To establish a more effective RCM and ILS interface. RCM
analysis data are major inputs to the ILS process and appear on the LSAR "B"
sheet along with reliability and maintainability (R&M) data. "B" sheet data
provide the basis for preparing the other MIL-STD-1388 LSAR worksheets used
to establish support resource requirements. The end result of the complete
RCM/ILS process is the compilation of a Provisioning Master Record (P¥R) from
which procurement requirements of support items are derived. This program is
to investigate this overall RCM/ILS process and to develop specific procedures
to facilitate application of the RCM analyses within the process The
procedures will rafiect the compiete RCM-driven IS process as 2efinsd by AMC
-P750-2 and MI_L-STD-1338 and as implemented at AVSCOM. They will
incorporate: (1) the use of R&M precdiction and FMECA data during development
as input to the RCM logic analysis and (2) the use of reliability-age
experience data derived from the RCM data bank at CCAD as part of e sustaining
engineering effort to optimize tns process during deployment.

Time Line:

Program Activity =Y 38 FY 335 FY 90 FY 91 FY G2

® FK=view AMC-P730-2
and MI_-STD-1323 —A
rslative to Army
zir2raft neels

® Develop RIMILI
Tlowznars (ang ——aA
criterial) keyed to
RCHM funections, input/
JUTpuL Jate pIinis,
interface reguireamentis
and management decision
points

e Prepare RCM/ILS (2
interface procedures - o —A
: - s 1) (3)
in accordance with (3
th2 flowchar: and
criteria

) Draft progedures
«2) AV3CO4 approval

) Review, revise as necessary
A Completion
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9.0 DATA ELEMENTS AND UTILIZATION

Program Area: F-1 Expand Data

Description: - To expand the RCM data bank by incorporating data from the
serialized part life tracking system for the T700 engine and UH-60/AH-64
airframe, the automated airframe logbook, the upgraded RCM data base
management system, the ACE/AACE, CFD, PEM, breakout and other programs as
well as expanded component repair data, i.e., PSA data fram the depot and
depot level repair data from the field, commercial/contracted overhaul
facilities and CONUS, OCONUS and AVCRADS overnaul facilities. Once these data
nave bezen validated, codified, and analyzed, they will be entered into the RIM
data bank to generate reports, compute composite failure factors, suppor:
special projects, support determination of mzintenance regquirements for F3rs,
determine component reliability-age characteristics and resulting schneduled
maintenance changes and to provide dirsct data for spare part provisioning
and/or to revise applicable LSA recoras as part of a sustaining engineering
activity in accordance with AMC~PT730-2. Automatic cata readout and direct PSA
data entry tecnniques will be investigates and developed/implemented, wnere
applicable.

Time Line:
Programn Activivy FY 83 FT 29 FY S0 FY 91 FY $2
e Bezin transmission A On~Goin o
- . : X e
P24 33%ta inpus
® 322in airframe 284 On~Golng
datz inpu: e >
e Z2gin gear oS3k P34 Co-Going R
data input & o
e Segin other zomponent & o ing
P34 aata input v

® 52zin data input Srom Om—God
. 1~ ‘ng »
otner sourceas A

- orograms [ACE/AACE, etc.)

- field (aepot level repair)

~ camerical overhaul
facilitie

- CONU3, JCC2NU3, AVCRALGS
overnaul facilities

e _nia2grate 32.73 (and A
operating timas)

e Davalop/impiement automated
data readsut’/entry L 4

A Completion {Initial Data)
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Program Area: Data Flements and Utilization
am: F-2 Expand Utilization

Description: ~ To expand the utilization of the RCM data elements from the
RCM data bank. This includes developing procedures for failure data analysis
(to components) based on the application of statistical analysis techniques
and computerizing the data reduction and analysis process. Alsoc as part of
this program Tri-Service exchange of the outputs of the data bank will be
established. Data output producis will be designed and implemented to meet
user needs including reliability analysis, variability analysis, PIP/zCP/M3D
analysis, logistics analysis, depot activity support, exhibit tracking, RCM
orogram =ffectivity analysis, reliability-age exploration, and FSP tracking
znd coritical characteristic identification, control and feedback. Empriasis
will be placed on providing part failure rates, FMzCA and reliabpilivy-age
exploration output data in support of tne RCM/ILS process.

Time Line:

1)
(39
(o 3]
o
1)
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(o 8}
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Program Activity FY 91 FY G2

e Establish improved
data reduction and — 4
analysis procedures

e D2fine/implement
us?r ?rlengea_caua v
s>atput product
‘2.g., part failxe
rates, FMECA
and reliabilicyv-age
axploration data
outputs for input
2o tne RCM/ILS
orocess)

data oJdtpul procedures

. l
® Urepare camputerized <
; . !
and associcted hardware |

I

...

° QeTons:rat?(va%idaPeﬁ; ¥
data raduction/analysis
orocess L

® Prepgars user handboox ~@- A

e =stablish Tri-Service on-Gbing

Data ZXchanze

) Draft

) AVSZQM approval
) Final

A Campietion
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Program Area: Déta Elements and Utilization
Program: F-3 Management Summary Reports

Description: - To publish analyzed RCM data summary reports at designated
intervals to effect essential management visibility and control of the RCM
program. ta and information provided in the data output products prepared
under Program F-2 will be reduced, summarized and organized by aircraft and
major ccamponents and submitted to system/program managers, AMC, AVSCOM
directors, field units and depot organizations. Economic analyses will be
performed to determine the cost effectiveness of major RCM program functions
and resulting cost benefit data will be included in the summary reports.

Time Line:

]
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Program Activity FY 88 FY 90
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e D=tisrmine scope/ On~-Going
format

® Prapare On-Goin}

raporL/raviaw

® “repare/3udmit On-Geing

reporis at

cezignated intervals
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APPENDIX A
THE ARMY ATRCRAFT COMPUTER-AIDED RQM DECISION LOGIC PROCESS
4.1 INTRODUCTION

This appendix describes a computer-aided decision logic process
developed by AVSCOM to facilitate the rapid development of uniform, complete
and cost effective RCM based maintenance program from standard, readily
available input sources. In addition, this computer-aided process provides:
(1) A well organized, readily accessable document and procedural
audit trail.

(2) Automated compilation of output data in real time.

{2) A compatible, computerized interface with logistic support
analysis records (LSAR) for eventual overall integration
witnin a computerized ILS sytem.

The system was developed based on the MSG-3 decision logic tailored for
Army aircraft systems and components. It uses a standard, well suppor:csd
microcamputer (IBM PC/XT) and an existing, mature, reliable and comprehensive
database management system.

As experience is gained through application of the process, high quali:ty
maintenance plans will be developed in less time and at lower cost. A
mzintenance nistory will be provided for each aircraft system or component
tnat can be correlated with specific parts and their failure modes and

iticalities. The process will assure that all maintenance significant par:s
and their faillure modes and criticality are consiaered in tns development of
maintenance reguirements and tnat the level and content of tne requirements

- -1 EER AR NN
are optimally specifies.

Tne RCM process usss tne METAFILE software development system. METAFZLZ
offars record manazement, word processing, forms entry, data progcessing
report generation, ,,nve"Sﬂo utilities, disk dtlLlul,u, and a nign s

rogreming language combined within z single arznitecturs. Thnis wids scccs
z_1ows the varied needs of the RIM process to be mst quickly and efficiently.

The record management facilitiss zllow complex cata structures o be
defined and implemsnted and external files to be orsatsd, updated, ani soriac.
Witnin tne RCM process, thess features are used extensively Lo store part
nampbers, criticality data, failure modes, and identification numbsrs, as wsll
as wo record tne RCM path tarougn the decision l1ozic and produse the set oF
app.icable maintenance tasks. Closely associated with the record manazemsnt
facilities are the word processing and data processing sSystems. The

2
2
3
)

processing system allcws RCM logic data to vpe created, changed, formattez, and
printed on paper. It also zilows generation of mu% oriticalility graphs znd
sysvem fauit trees. The data processing system a_lows calculztions oo be maie
on-line and 1t supposris tne introduction of RCM dacta analysis inziusing
re’iability-ags expioration anglysis for eventuzl integration intos tne RIM

process.

The rsport generation and form onvr} fezturss enhance program input and
outrut by providing extensive visual text formatting facilicties. Tne
conversion and disk utilities interact with the microcomputer at the systaz
level. It allows foreign files to be transferred to the microcomputer ‘”am
data storage system and converted to the RCM datz base management {ormat. The
disk software prov13°s system like features such as f{ile transfer, file copv
and file erase These facilities will become Invaluabis wnen the RCM iozic

w




process is linked to an external system and eventually to the RCM data bank.

The procedure development envirorment supports all essential features of
a sequential programming language, as well as allows programmed access to
other system utilities. Syntax for the IF, ELSE, FOR, WHILE, and WHERE
clauses are supported. The RCM decisicn logic is implemented using this
crocedural language.

4.2 THE RCM DECISION LOGIC DIAGRAM

RCM is a proven technique for defining repair and maintenance actions for
large and difficult to manage systems. ts primary function is to narrow the
focus of the engineer by allowing effort to be concentrated on specific parts
and failure modes witnin the context of an entire aircraft system or major
component. All work speczifications are maie by the enginser and recorded in
tne program data casc for future reference. Implementation of the process
requires a working familiarity with the RCM process, tne aircraft syster or
camponent and the Amy's maintenance program.

The Army aircraft RCM logic diagram (see Figures A-1 thru A-5) is
desizned to lead, througn the answering of a series of guestions, t2 the mos:
effective preventive maintenance task combinations. Simpie "yes" or "nut
answer the questions and are entered into the 2amputer.

The decision logic 1is applied to critical fazilure modes for each
maintenance significant item. cn identified failure mode 1s processed
tnrough the logic so that a judgment wiil be made as to tne necessity of a
task. The resultant tasks and intervais will form tns total scnedulied
maintenance program.

The decision logic has two levels:

The first level {gquestions 1, 2, 3 and &) regquirss
evaluation of =azn TAILURE MCDE for J’etem.na:i:n of the
consequence category; i.e., safety (evi ='1w, economiz
(operational), economic (non-operational), safecy {nidden) or
non safety/2conauic.

The sezond level (guestions £ zarocugh 26) then takes tas
FAILJURZ CAUSES for each failure mode inty azcount for
selezting the specific type of taskis). Regardizss of tae
answer to the qusstions regarding servizing, the next task
selection quastion must be asked irn all cases. Wnen following
the szfsty effects (hidden or svidant) paths, a1l subsaquent
guestions must bs asked. n tne otner pains, subssguent o
the first question, a "YE3" answer will ailow exiting the
logiz. At thz user's option, advancement to subsequent
questions after a "YE3" answer is jerived is a’lowable, but
only untii the cost of ths task is equal o the cost of tns
failure prevented.

efault 1ogic is raflectad in patns outside the safety effscis areas oy
the arrangensnt o5F the task sslection logie. In the absence of =zz2guats
Information to answer "YE3" or"NO" o Jussiions in the saoond level, jefaut
logiz diztates that a "NO" answer pe givan and tne subsagusnt zuestion bs
asked. As "NO" answers are generated, the only choice available is the next
question, wnich 1n most cases provides 2 more conservativs, siringent andsor

costly route.

The logic procedure reguirss consideration of the failures, failure
causes, and the applicability/sffectiveness of each task. Fach identified
failure processed througn the first level logic will bs directed into one of

2
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Question 1:
Th
normal

A

the five consequence categories.

£im

- s

There are four st level quastions.
Can operating crew detect failures?

is question asks if the operating crew will be aware or

the loss (failure) of the function during performance of tneir

operating duties. The intent is to segregate the evident

and hidden functional faiiures.

"YES" answer indicates the failure is evident; proceed to

question <.

A
questio

" NO"
n 3.

answer indicates the failure is hidden; proceed to

Normal operating duties include:

a) Preflight check

b) Mornitoring of cockpit and/or cabin instrumentation.

¢) Recognition of potantizl failures through the use of
normal pnysica®l ssnses (e.g., odor, noise, vibration,
temperature, visual observation, changes in physical
input fo requirenents, ete.).

ree

For tne failure L0 be evident by the operating crew the
foilowing criteria zpplies:

1) Reduced resistance to failure must be detectable
and the rate of reduction in failure resistance
must be predictable. Indicators that annuiciate

r failures at ths time of occurrence zre not
applicapie.

(2) For sarsty considerations the monitoring must be
part of tne normal duaties of the operating craw
and raZfucs faz risk of fziiwre TO assurs safe
speraticr.

>, Tor econoric 2onsiderations the monitoring must De

‘ part 2f <Tas normzl duties of Lhes opereting orsw.
<i2s5tion 2t Does tne failure or saoondary fzilurs) cause

a mission apor: of flight safely incident?

For a "YE3S" answer <tae falluwre must have z Jirect
adverse =ffect and tne faiure must acnieve its 207220 by
icself, not 1in cowdbinztion wWith other functional fzilures
(i.e., no redundanzy exists and 1t is a primary item).
Jperation is definsd as ins time interval from the mament

1 the aireralt first moves under its ouwn power for tha purposs
] of flight until tae mment it 2omes to rest at tne next
pcint of landing.

A "YZSM™ anse2r o tais guestion indizztas thal
maintenanza LasSKs IuST be develsped in accordzncg Lo the
safaty conssequence category and that task “develspment zust
proceed in accordance ¢o guestions 5 taru 1C.

A "NO" answer indicates the 2ffect is purely =2zconomiz
and question 4 must 22 asked.




Question 3:

=stion 4

failure and one additional failure of & system related or
back-up function cause a mission abort or flight safety
incident?

The question takes into accoumt failures in
which the loss of the one hidden function (whose
failure is unknown to the operating crew) alone doss
not affect mission or flight safety; however, in
combination with an additicnal functional failure
(system related or intended to serve as a back-up)
has an adverse effect or. mission or flight safety.

IF a "YES" answer 1s detemined, there is a safety
2onseguence and task development must proceed 1n accordance
with juestions 16 tarougn 21.

A M"NO" answer indicates that there is an economic
consequence which will be nandled in accordance with
questions 22 thru 26.

Does the failure have 2 dirsot adverse effect on oparating
performance?

This question asks if tne faiiure could have an adverse
effect on operating capaonility such as:

a) requiring correction prior to further use;

o) compromising the mission flexibility; e.g.,
altitude restricziion, non-icing restriciion,
welznt restrigtion, =2te.

If the answer to this guesition is "ZS" or "NI', tasi
selsction will bz nandlad in accordance wiin ques::ans 1
oo 1:.

Onece the user has answerad the appiicabie first lsevel guestic
ne 1s directed viz s=2cond ieval logic Juestions o ons of
the five consequan2e catagoriss:

(1) Safstv, Evident (Juestions 5 tharu 10)

This category must be aporoached with the understanding

that preventive maintenance (PM) task(s) are reguired

to assure safe operation. All guestions (5-10) in this

category must be asked. If no effevtlve task{s)
results from this cztegory analysis, then redesign is
mandatory.
(2) Eeconomiz, Operational (Questions 17-15)
For tnis category PM tasus(s) are desirable I tne cost
D loss

is ies3 than tne couoinez 223t of the operationzl
and the cost of repair. Analysis of tns fzilure 2auses

tarocugn the logic resgulires the Tirst guestion
{Servicing) tc Dbe answerad. IZither a "YES" or "NO
answer of gJusstion 17 svill requires movement to tne
next level; from this point oan, a "YES" answer will
canplete the znalysis znd the resuitant task(s) wiil
satisfy the reguirements. If 211 answers are "NO", no
task has be2n generated. £ econguiz penaltisgs are

Does the hidden failure alone or the combination of a hidden

~nC
iy
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severe, a redesign may be desirable.
(3) Economic, Non-Operational {(Questions 11-15)
M task(s) is desirable if the cost of the task is less
than the cost of repair. Analysis of failure causes
same as above.
(4) Safety Hidden (Questions 16-21)
The Hidden Munction Safety Effect requires ™M task(s)
. to assure the availability necessary to avoid the
safety effects of multiple failures. All questions
(16-21) must be asked. If there are no tasks found
effective, then redesign is mandatory.
(5) Non-Safety Economic (Questions 22-26)
PM task(s) is desirable to assure the availability
P nscessary to avoid tne econamiz 28f22ts of muitiple
faiiwres. Movement of the failure causes through the
loziz requires the first gquestion (Servicing) to be
answered. Either a "YES" or "NO" answer still requires
aovement to the next level; fram tnis point on, a "YES"
answar will complete the analysis and the resuizant
task(s) will satisfy the reguirements. If all answers
are "NO", no task has been generated. If economiz
penalties are severs, a redesign msy be desirable.

Developing the most effective preventive maintenancs task
campinztion is nandled in 2 similar zanner for each of tnz five
conseguesnce cztegories. For task determination, it is necessary
o apoly tne fzilure causas for the failure to thz ssconl lavel
of the logic Ziagram. There ars savan possilis tasd raswtant

. -3 - 1 - —pc - 2 - £a s
Juestions in tne milecs CcalEgorias as {J.40Ws:

;o Service Tasx {(uestions 2, 17, 16 & Z-;

Jdoricants, hydrauwlic fluids, or compressed air sappiies.

e App_icabiiicty Criteria:
The replenishment of the consumsblie nust reduce the
rate oF funztional detsrioration.

® fectiveness Criveriz - Safaty:
Ths task must reduce tne risk of fzliure.

e =ffectivensss Criteria - Zoonomic

=

- 1 - - -~ - £ -l
Task must bz 2ost-2ffectiva.

Is & servicing task applicabiz and =2ff=2tivelt
T povers zmyoact f cewvicing for tnz purposs of
‘ntezining innerant desizn capabilities. It Inczluzes
a i2i performed periodically to %222 an liem in propar
2 condition, i.e., t> clearn {(decontaminate), 0
ol ©o drain, o paint, or 1o replenisan fusl,

Trew Monitoring Task (Questi

2
Is a Crew monitoring task app

n
—_

ns
21
<1

5

M s

’
cabi

Tnis task 2consists of any monitoring of aircraft operation
Dy tne 2rew memders dwring their normal Jduties. Tnis
inciudes monitoring of instrumentation and recognition cof

A=3
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potential failures by the operating crew through the use of
normal physical senses (e.g., odor, noise, vibration,
temperature, visual observation, changes in physical input
force requirements, etc.).
e Applicability Criteria:
Reduced resistance to failure must be detectable and
rate of reduction in failure resistance must be
predictable. Indicators that annunciate failwres at
the time of occurrence are not applicable.
e Effectiveness Criteria - Safety:
This task must be part of the ncrmal gdutiss of the
operating crew and reduce the risk of failure to assure
safe operation.
¢ Effzstiveness Criteria - Economic:
This task must be part of the normmal duties of ths
operating crew.

Verify Operation Task (Question 17)
Is a check to verify operation {or detect impending failure)
applicabls and =ffective?

This task is to verify qualitatively that an item Iis
fulfilling its intended purpose.
® Applicapility Criteria:
Verification of operation must pe possible.

e

® FEffsctiveness (Criteria - Safety:

The tasg aust enswre adequate availapility of the
niaden function to reduce tne risk of z multipie

oo
SR ure,

e ZIZffaptivensss Criteria - Economic:
Tas tas: oust ensurﬁ ajesquate av
nidden funecstion in order tO avoid

o

aulziple fzilures znd must De C0sSte2

On Condition Task (Questions 7, 13, 15 & 2&)

&

Is the abiiity to detect degradation of tns fumztlon by

on=gircraft or off-aireraft task{s) e.3., =nra functional
cneckout reflignt inspection, ACE or thru PSh applicable
and =ffee:ive?

This tesk is to examine an item using 3 speciflic ¢
or standard. Ii may include a functaonal 2asgk o 32
if one or mora functions of an item perforas
specified limitls.

° App*lcaol.luy Criteria:

Raduced rasistance to fallure must dDe dstectapie and rats
reduction in fzilure resistance must b2 prellliibla.

e IZffactivenass Criteria - Safaty:

Tne task aust reduce thz risk of fzailure Lo asswre szls

operacion.
® Effactiveness Criteria - Econamic:
Tha task amust be cost-affective; i.e., tne cost of tas

3
<t
& SN
o
Q
O

task must bz less tha




T

(5)

(BN
—

Rewo: ¢ (or Restoration) lask (Questions 8, 14, 19 & 25)
Ts 1 rework task to reduce failure rate applicable and
-sfective?

This task includes repair, overhaul or rebuild. Repair is
the application of maintenance ssrvices or other maintenance
actions to restore serviceability to an item by correcting
spezific damage, fault, malfunctions or failure in a part,
subassembly, module (component or assembly), end item, or
sSystem. Overhaul 1is that maintenance effors
(service/action) necessary to restore an item o a
campiately serviceable/operational condition as prescribed
oy the maintenance standard (i.e., DMWR) in the appropriate
teonnical pudblication. vernaul is nomally the hnignest
aegr2e of maintenance performed by the Army. Overhaul does
not noraally return an item to liks-new condition. Repwilc

consists of those services/actions nscassary for thne

rastoration of unserviceable egquipment to a lixke-new
tion in accordance wWith original manufacturing

3

oniit
Tzniaris. Rebuild is tne nighest degree of mnztzarizl
aintanance applied to Army equipment. The resuild

4

ation Includes the act of rsturning to zero thoses age
asuramants (i.e., hours) considerad in classifying Army
~craft systens and camponants.

nis tesk lmvolves that work {on/off the aircrafi) necsssary
Lo return the item to5 a spscific standard. Sinoe this task
zzy vary fran cleaning o5 single parts up 0 = 2@mooisis
overnzul Or repuild, tns scope oF 23ch assignsd resuoration

o e = - RO
“A3. TZS O 22 SpEclliled.

[14]

mH O B o
h
]

§ o

1

® Aoolicability Jriceriz:
The ltem must snctw functional degr
cngrazteristies at an I1entifiazlzs azs and
croportion of units must survive T3 Tnat age.
D2 D08sinle Lo resiore tne iltem Lo oz ospecifiz
of fzilure resistance.
® Zffacctivenass Jritariz - Safaty:
Ths task aust reiuls tas rise o8 fzilure To assurs sz25s
soeravion.
e =ffscriveness Criteriz - Zronamic:
Tnz task must be cost~2ffeztiva; i.e., Tae cost ol tas
task mpust bz less ftnan tne cost of Tasz fzlilures
cravantec.
Rzpiacze2pent Task (Question &, 5. 20 & 27
Zs = rzpiazement fask o zveiz fzilures 2 Lo raduss ias
fzilurs rate 3pplicadle znd 28fentiva?

Tnis task involves substituting a servicable 1ic Type par:,

~
sucassembly or module (componsnt or 2ssenply) for an
un-32rviceadle 2ounterpart., It reguires remova. Irom
sarvice of an ltem 3t a specified Lifs limit.
This task 1s normally applied to so-called single 22lled
£aris suzh as cylinders, enzine disks, safe-li1fe structural




members, etc.

e Applicability Criteria:
The 1item must show functional degradation
characteristics at an identifiable age and a large
proportion of units must survive to that age.

e Eiffectiveness Criteria - Safety:
A safe-life limit must reduce the risk of failure to
assure safe operation.

e [ffectiveness Criteria - Econamic:
An econmic-iife limit nu%t be cost-effective; i.e.,
the cost of the task must be less than the cost of tae
failurss prevented.

Combinatisn lQasstions 1T, Z0
Is there a task or compination of tasks wnich is appiicable
affective?

3ince tnis is &z safety category Aquestion and = task is
required, a.l pcssinls avenues must be anzlyzed; tc dc tnls,

[y

2 review of itns <asklis) a2t are applicabls is nspeszary.
From &this reviaw tne most effective task{s) must be
selected.

Once the maintenance task’s) nave been selected, tne next
st3p 1g to ser tass Lre:uerc¢es/1n:e:w“”s. First dsiemine
Wwnetner real ang app.icaple Zata are avzilable wnion suggest
an effective interval [for task aczcoxp-isnment. Frior
knowledge I

rom otner aireraft systems may bs usel waich
2nedui=2d maiatanancze tases nas ffared

=~ -~ CEa - < N Fa c—. < 4 g
saostantlizl eviizencs ol bsing effective and 2Ton2m1caly

ND"u1hh~‘v.
i casr=

-— 2

1o - -
or Lo oefers

3ysiams
3""‘." ous

N

and current sSystacs ) 2 only oe
2stablisned initizlly oy expariancad 2aginssring z2nad
maintenance personnsl using g00d judgment anc Cperating
axperiance Ir 2Cnoart Wiln acturats rellacilisy data

anc
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APPENDIX B: THE DMWR RQM REVIEW PROCEDURE

The RCM process involves first identifying existent failure(s) through
use of available data, test, and inspections. An evaluation of these elements
is then conducted to determine the condition of an item prior to performing
maintenance to return the item to a serviceable condition.

Tests, inspections, experience, and historical data are used to the
extent practical for each unique item of equipment to determine depot
maintenance procedures with the least extensive processes. Particular
attention is paid to the following areas:

(1) Tne Army Oil Analysis Program (AOAP), as prescribed in AR 750-22,

is used as applicable to identify maintenance requirements in
subassemblies or components.

Preshicp analysis (PSA) is incorporated as a integral part of ¢ne
enctire maintenance process. FPreshop analysis using inspection as
well as diagnostic test 1is performed at the nighest pessible
level of assembly to prevent unnecessary disassembly.

(3) wear tolerances are reviewed to allow maximum use of parts within
safety and reliability parameters. Tolerances that are primarily
for manufacturing purposes are not required checks unless

specifically required for reliability or safety.

(4) Diagnostic tests are reviewed for general application and for
maximum allowable variation while retaining safety and
reliability. Tests are used to determine the extent of depet
maintenance, not to confirm design parameters.

(5) Economic considerations and trace-offs are balanced against
reliability and safety requirements. If limited disassembly is
required to detsrmine condition and repairs required, any part
or assenb.ies easily accessitle deczuse of tnils disassemcly are
considered for repzir or replactement bdised on concition,
reliapility, aca-usaga relationshir and economics.

(o) Cisassemb.v and reglacemen. scialy for cosmetic purposes ars
avoided.

{7) Tae benefits of refinishing end izars and assambliss are weizne

against the conseguences of toucn up only.

{8} Component repair or replacement is Justified by statisticall
sound t2st or field data. ©Fepair or replacement of an item 1%
correlated closely between reliabllity and age or usage.

In order to integrate the RCM process fully into Army maintenancs,
maintenance reguirements derived from tne KCM process must be incorpc"ntei
into the appropriate technical puplications. As an example of how thi
incorporation of RCM into technical pubiications should be carried out, ctnis
appendix describes the method used to review, and to revise or rewrite as
qecessa“v, existing aepot maintenance work raquirements (DMWRS) to reflect the

RCM proeess.

—
(A%}
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bepsc meintenance is performed in =::o"aance witn the flow chart given in
lgurn B-1. As shown, all aviation equipment iteas are gzrouped intc ths
following three (3) categories upon induetion into a depot:

(1, Category I: Aircraft - This category encompasses the total
aircraft; for example, the airframe, electrical wiring, s=zats,
transparencies, push-pull systems and doors.

{2) Category Il: large Components - This category encompasses large
components and major assemblies; for example, engines and

"1
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The Depot Maintenance
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transmissions.

(3) Category III: Small Components - This category encompasses small
components and accessories; for example, generators, hydraulic
pumps and oil coolers.

A DMWR contains coamplete instructions and acceptance criteria for an
overhaul of an aircraft or camponent based on the process shown in Figure B-1.
The IMWR identifies minimum acceptable standards and (where applicable)
provides preshop analysis (PSA) guidelines for determining the extent of
repair required. It is normaily provided as the "Statement of Work" for each
item contracted or programmed for depot level maintenance. It is a "how to
do" type of document which provides the necessary instructions for the
camplete overhaul of an item, ineluding comversion/modification criteria
(parts, subassemblies, and assemblies required to convert to latest item
configuration as specified in depot program notices and the modification of
parts, subassemblies, and assemblies required by engineering change proposals)
and piece-part reclamation procedures for the worse case condition of
applicable parts.

The IMWR is the result of an intensive effort to determine the processes
required to achieve maintenance standards and incorporate those processes into
a usable document as described in MIL-M-63041. The IMWR is constructed in a
manner which will enable it to be utilized by those elements responsible for
producing a quality product that meets serviceability requirements. An
effective IMWR will result in minimizing resource and matsriel expenditures
requirad to restore and retain the reliabpility and safety of the equipment.

[MWRs are suppiemented at the depct by AVSCOM Engineering uirectaves
(A=Ds). AZDs address specific problems in 2 IMWR and serve as an aid in
updating tne IMWR. AZDs are als) used to formulate tecnnical data packazes
for piece part repair and contracts and to provide altzrnats proceduras to tne
dapot because of unigue capapbilities or restrictions. AEDs of ctnis latter
type ars referred to as "program" AZDs since tney will not be pieckad up in a
MwR.

P34, =2n integrzl part of &tnz entire depot maintenancs pro2ess, is 2
iogical inspection prozedurs tnat is done tc determine the condition of an
itam sent to the depot. The condition of an Ziem, along with the reason(s)
Wny th2 item wWas sent to tne depot and the camponent operating times, will
dictate tne minimum amownt of depot mzintenancs nesded to restore the itexn to
innesrent desizgn safety and r2liabilicy levels. PSA identifiss the extent of
disassembly and repair required at the appropriate prime shop(s) and zlso
determines if camponent "short routing" can ocecur, i.e. if camponents can be
sent dirsctly to the control hnolding area or assembly lines. PSA utilizes
visual inspection, diagnostic testing, nondestructive testing, dimensional
inspection, and other methods as determinad appropriate in conjunction witn
gxparience and historical data in the evaluation process. P34 using
inspections as well as diagnostic test is psrformed at tae highest possible
level of assembly to prevent unnecessary disassemoly. Defined weak spots
within a component must bz accessed to inspact for specified nistorically
camon deficiencies and to dstermine repair requir to restora2 ltem dasign
requirements reliability and safety.

The FPSA section of a IMWR provides the "what-to-do" guidelines necessary
for determining when and where to apply the IMAR's procedures. Although
overhaul is the major part of the work performed at a depot, not all of tae
items processed at a depot receive a camplete overhaul. wWhen a camplex unit
oecomes defective in the field, and is beyond fi=ld repair capability, it is
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often more cost effective to minor repair rather than overhaul wnen received
at the depot. A minor repair consists of the minimum maintenance necessary to
correct the specific discrepancy that caused the item to be returned to the
depot along with other applicable tasks associcted with reassembly, testing,
and preservation. The minor repair changes the status of the unit fram
repairable to serviceable but does not increase its potential longevity. The
determination to minor repair or overhaul is made after the item is inducted
into the depot -and undergoes a PSA.

Figure B-2 illustrates a longevity curve which depicts wear/degradation
benavior with respect to time. The slope of tne curve during wear-in and
wear-out varies from item to item as does the length and slope of the stable
wear life part of the curve. A descrepancy changes an item's status fram
serviceable to repairable and acts as a roadblock in preventing the item fram
progressing down its longevity curve. wWhan the discrepancy arises, usually
either overhaul or minor repair is performed. Overhaul is performed to
recover used-Up wear life in items with time-between-overnaul (T8D) limits;
the longevity of an overhauled it=m approximates that of a new item. A minor
repair removes the roadblock and allows the unit to progress,; it does not
recoup any of the used up wear life and therefore does not change the item's
position on the iongsvity curve. For simple OCM items witnout TBOs minor
repair is the only alternative.

heyree Of Wear/Degradation
(=]
<
"
12
®
c
T
3
o
-
x
o
~
-
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Figure B-Z Impact of Repair on Potentia’l longsvi ity

Tnz PSA secticn of tha IMWR are to include guidelines for determining the
minimum extent of maintenance nesded to ensure restoration and preservation of
the item's inherent design reliability and safety. Fizure 3-3 proviaes
general guidelines to z2id in the review of a3 IMWR and to prepare practical
PSA zuidelines for eaznh of the three categories of eguipment.

A K2y aspect of evaluating and/or preparing th2 PSA ssction for a given
nardware item is (o determine if the item can bs restored by minor repalir
(i.e., inspection and repair) or if overhaul is necessary. A dezision logic
to determine if minor rspair is feasible is given in Figure B~4. Time since
new or last overhaul is not changed after minor repair.

To eliminate unnecessary maintenance tasks while restoring iInherent
system reliability and safety requirements, one initiative (where applicable)
is to only partially disassemble the item during the overhaul process. This
initiative is viable on complex items, such as engines and transmissions,

B-4
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I. AIRCR . T:

A.

S

C.

Preshop Analysis (PSA): If a PSA exists, it will be

evaluated; if it doesn't exist, it will be developed. The

DMWR PSA which results will provide guidelines to the depot

for examining the basic airframe ancd identifying the extent of

maintenance required. Initiatives will include:

i. Determxnlng wnich panels and other structure require
arbitrary removal from the airframe and which are
renoved only for cause.

2. ldentifying specific structural weak points that must
de addressed at every overhaul.

2. Determining wnich aircraft require aligrmment check at
svery overnal and, if not, wnen an airframe aligment

cure s reguired.

Reviswing tne depol maintenance process It delaraing
what ooner ta3ks can be eliminated, streamlined, or
accasplished only on condition.

. Deterzining the extent of repair for tne tailbow:.

. Providing guidance for using visual examination in

lieu of nondestructive testing (NIT, (where possible,
for detecting cracks in piece parts.

Tne accessories/components wihich require funational test or

special inspection will be detemined.

The aircraft's characteristic weaknesses wnicn must be

addres. 1t cwch depot malntenance {convenience malntenarnce)

w.l1l pe identified.

TI. MAaJoOF TIMPONENTS (ENGINES, TRANRMISSIONS, ETC.):

ade

»
a.

({8

v

Presnop Analysis (P3A): 7Tne F3A will establisn a

¢isassemdly concept wnicn will feature:

©.  Snort routing of the high confidence
es;aal;swing harcd time belwean cQupiet?

ma ] sr assembly or sudbassemdll.

: inherent ~2aknesses

eacn depol miintenance

Za : as‘. z of Towner:
p? for Cetecting cracks In plece parti o w.ol. L=
WTA20 SnoWid reamaln togeiner [Dr reassenply | WLere

1. anc desired alternatives wnen sSuch garts Lo ondl

air, togetner will be identilies.

™MWR will provide for cneck anc test of ing méel
sonent's accassories and tns performance of e
essary.
ne Zepdt maintenance process wW: 21
na r tas#s can Se el o
4 only on conditisn.

f2]
(2
(3
o
el
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e
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120 SMALL COMPONENTS:

5ince these compzonents are disas
tneir integral plece paris, tnere &
suoassexbl.ies are ponded together an
Althougn limited disassembly is not a vianle
PSA wlil be developed o address:
A. Inherent weaxnesses of the component which require emphasis at
eazn depot majntenance.
B. Quidance in determining when and wnhich parts require NOT.
c. W"xcr par*ts should remain together for reassemnb.r [wngre
prastical) and desired alternatives wnen such paris do nol
r-am together.
D. Wnich bearings reguire disassemdly/inspection in & cliean roam
enviroment.
Figawe p-2 R’CM DMWA D2view Tasds
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y
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where an item 1is™ extensively evaluated during PSA to determine if its
condition requires complete disassembly. After a limited disassembly
overhaul, the item's records are adjusted to reflect zero time since overhaul.
In evaluating the item to determine if limited disassembly is a viable option
the following questions are asked:
(1) Does the item have subassemblies, modules, accessories, etc.? If
30, dc same subassemblies have considerably more longevity than
otners?
(2) Wnat are the item's inherent design wealknesses?
(3) What are the most common causes for depot return?
(4) Are there scme mainterance tasks that are not necessary under
certain situations?

Star:

v \d A M r>
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Figue B-% Minor Repair Feasibility Decision Logic

Tne specific precedure to review, and revise or rswrite as necessary a
DMWR to include the RCM philcsopay is illustrated in Figure B-5. There are
six (9} steps as follows:

Step i Coxpile [mta

This includes compiling and reviewing the following data items:

{a) AMC Regulation MNo. 750-9. RCM Appiication to MwRs, dated 31 August
1983 -- This defines the basic philosopny of RCM as it relates to depot-level
maintenance and directs that new IMWRS be developed in terms of RCM philosophy
and that existing [MWRs be reviswed and revised or rewritten as necessary to
incorporate the RCM prnilosophy.

(b) The current IMWR for the particular item being reviewed -- This
forms, of course, the baseline for tne evaluation/development of the ISA
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section/chapter carried out in step 2.

(e) Certain program AEDs (that deal with concepts and procedures for
processing and managing particular equipment through the depot process) --
These include AEDs on RCM application to T53 engines, on limited disassembly
overhaul of engines, on minor repair of engines, and on RCM/minor repair of
transnissions and gear boxes. They serve as background material for the
svaluation/develoment of the PSA section/chapter.

(d) Shop-travelers -- These are depot work order documents that provide
authorized prescribed sequential shop routing and technical processing
instructions for assemblies, accessories, camponents, end items, and/or parts.
They are developed utilizing applicable IMWES, document AEDs, program AEDs,
and/or field maintenance tecnnical manuals. They provide information on how
tne item being reviewed 1s cwrrently processed through the depot and can be
usad as background material {or the evaluztion/development 5P tns P34
section/ chapter.

(e} Exparience information -- This is information compiled '"o" tne itam
being rzviewed fram tne depot process beginning with PSA if applicable, and
proceeding to the prime snops. At eacn smop the depot personnel direcily
involived with tne equipment are IiIntsrviewed T0 detarmine weakiesses and
protlems witn the eguipment, how tness weaknesses/prodleams can te addressed,
and the high confidence items which can be snort routed.

7f) RCM turbine engine Zata -- DERSC collects, redwes and analy2°s data
from all available sources relative o the operation and maintenance of
turoine engines. fram tnis data =ngine r2liapility, maintenancs significant
1tems, and failure modes can be measured and svaiuated; 2ngine component or
3rts wiin potential for improvesd ra_lacility can b= identified; and future

quirements can bs decized. For arn engine, then, this 13tz bank is
usac Lo z23swre that cwrrent IElintenanls tasss in un., MwWER, prograzm AZls, zand

< y =
- - 4 - -~ = - - - _—— 2

SnS5p trav 3 m-~.1.:,3x,: &l prevaiant e modes and, if not, To =stasliss

g22Itlonas zmainiananoe "‘""LLL"“:’”'S'.'?ZS LN Lnz Fon SE2TI2N/2NAanler IsvellD3C on

Y hnd - Fal S K ] -3 - - -~
g, MIL-¥-£3047, Presaration of MyEZ — Tnis spacification contzing tas
P ~ s ~ - -~ ~v - S s TN T
iztzli regulramsnts on u~ generza. f2rmat ang contant OF Tne ierts.
N R

b
.o, Jiner datz -~ Tnis inzluies
eguipment 2aZ matarial from previous

Eva.wate or develop tne PSR s22ticn cnaptar based on ths cztz 2om:
i. Major considerztions in tne evaluzticn’/a 0
secilon/chapter are as follows:

7)) If minor repair is *‘ms"\‘E tne BS54 sections chapter should
2ontein inor as ovarnaul coritari=.,

ot
(9]

13 ')
b
RS
[N

Tha °.>A sw*t-,. 2 1t o2lear that Lne
cro2wring az ; 2te programs for ziner
r3palr and overnzai. Tne zinor regeir portion of tas i
seztion/enzpier snzulld 233ress tae 2zuse Sor o 2spot raTurn zna
2150 include (wnerz applicaols) convenience maintenance whars
"Omﬂni°nce maintenance Imrolves “neﬂnﬂ’*m ronairs, or otner
preventive maintenance tnat is aeterminsd to De cost eflaciive

D

an../o" significancly improves Lo..éev-:,, reliapility ana/or
safety and thus is done while the Item is in tne depot.

2} If minor repair is not feasibie and overhaul is the only
viatle alternative, the PSA seection’/cnapier snoulld stipulate

-8




that "minor repair is not eccnomicaliy feasible for this
item",

(3) If limited disassembly is a viable initative dwuring overhaul.
This includes studying the primary weaknesses and strengths of
the item. The strengths can provide justification for a limited
isassembly approach. Any weaknesses can be addressed by
convenience maintenance during minor repair or limited
disassembly overhaul.

(4) A PSA checklist shall be included as a handy, streamlined
list of the 1issues addressed in depth iIn the PSA
section/chapter. The checklist snall not repeat any of the
inspeztion tables that are contained in the maintenance
instruction sections/chapters of tne IMWR.

s £ maniatory modification table shall be incliuded as a handy list
27 wne moiifications that can be accamplisned on tne item. ALl
2f tne mcctificactions are required at overhaul; safety-driven
and/or cost-2i{e2tive modifications snould be requir‘ed at minor
repzir.

Ster 2 Prepare Iralt PSA Section/Thapter

A draft PSA section/chapter 1is prapared, bassd on the considerations
evaluzted and tne criteria, cnecklist and otner docunentation developed during
Step z, in accordance wiitn tne format and contant data requirements of
MIL=4=03041, Tne seztion/cnapter is tailored to tne particwar IMWR/Aray
aviation equipment item being reviewed. However, twe portions, of each PSL
s22ticn/anapter Zrezared are falrly well stancardized:

FO- 94
.- .

£ parzose statement very similar o tnat given In MILMS-EE041 is

iqar za = £ az 3 -z -- -
Troviiec 28 Tn2 IINXSUT DAragrIdn LN Tns SelilonsZnazier.

- Tne P& creaslist formal s stangarcizad basel On taat fiven
In M ~tan3leT.
S-er L Zztimzts Man-howr/Cost Avoilancs
m2e tne BL osection/Znapter is approval oy RVOIDM, estimation of tas
TE[=NCSUr 208t av':i:ance resuwcing frae RIM revision 20 tnge IMWR tarouzn ns
I34 s=2ction’conEpter can begin. I’ RCM nas sirezaly oeen appiied previouss
tnrcusn orogras Azl and/or snop travelier, o tns fieldsd Amy a»iuw'z
aguizm=ent covarseld sy the IMwWk re\’ﬁad, 2ompo2te 43tz oo REan-ws, [an-nw
Qosts, and parts ¢osts required for depot-lsevel maintanance before ani alter
RZM application probably exist and can 22 d0otzined from depot prograz
production ooznning and conirol manggers {or the 2gulipment involve iS4
dzza for maintananes befors RIM

‘ - - -~ b -
2omp.2te datz dc not e2xist, at least
Le

appoization i.e., ocmplete iisassenbly and ovaraall, zrs zvailapls fraw tness
managers; tnen, w-in assistance from depol Zroductisa engineering personnal,
Ths 2037 avcoilangs resulting fram apgiicaviw. oI RIM can o2 2stimated.

Sler 5:  Prepars Zocumeat AZD

A documnent-type AED is prepared in accordance wWitn Pro2zdurs No.
DES5~-339C as the venizis {or revising or rewrliling tns IMwn o incorporate tne
aporoved PSA section/chapter for release L0 tn2 depot maintenance facility for
impiementaticn and to AVSCIM, St. louis, along with a DA Form 20Z%Z for
publication cnange.




Step 6: Prepare Final IMWR Report

A final IMWR report on the IMWR revised using RCM principles is prepared
in accordance with DARCM-R 750-3 and submitted to the U.S. Ammy Materiel
Command Materiel Readiness Support Activity.




APPENDIX C: DEPOT WORKLOAD REQUIREMENTS

CCAD presently performs repair, overhaul, modification, and retrofit of
airframes, aircraft camponents, systems, subsystems and related items for the
Ud-1, AH-1, OH-6, OH-58 and CH-Y7 rotary aircraft. Future weapon systems to
be supported by CCAD include the CH-47D, AH-64, OH-58D, and UH-60 rotary
aircraft, selected parts of the AGT 1500 turbine shaft engine, and the
landing craft,- air cushion (LCAC) TF4(B Marine gas turbine engine. Brief
summary descriptions of ti.ese future weapon sSystems are given in the following
paragraphs. Full plans for supporting this increase in workload at CCAD are
given in the Corpus Christi Army Depot modernization plan dated 14 August 86.
Table C-1 provides projected dates for the induction of the new aircraft
systems at CCAD.

Table C-1 Projected Alrcraft Workload Overview

ATRCRAFT ITEM
AIRCRAFT AIRFRAME ENGINE COMPONENTS
CH-47D OCT 87 (FY 88) OCT 83 OCT &7 (Partial)
AUG 89 (Camplete)
OH-58D DEC 88 (FY 83) DEC 88 DEC 68
UH-50A CT & (FY 87) OCT 84 CT &€
AH=GUA FY 90 FY 88 FY 8¢ (Partial)
rY¥Y 3G ‘Campiste)

~re ~

CH-UTD Cninook Helicopter: The present ChH-47 fleet of 4, B, ani T models is
being modernized to one standard confizuration (CH-47D) wnich will [aciiitate
logistical support ang simplify maintenance support. Ins CH-4T70 Cnlnook, witn
twin-turbine T55-L-712 2ngines, is a tandem rotor helicopter designed for
internzl and extsrnal cargo transport during visual and instrument, day anc
n.ight operations. Desizn improvaments have rasuitad in improved reliabpility,
availapility, maintainapility, and survivapility. The Ch-47D will provide tne
Army with the necessary medium 1ift helicopter (MLH) that can accompiish
missions throughout ths range of temperature/aititude combinations whare
United States forces can reasonably be expected to operate.

OH-58D Kiowa (bservation Helicopter: The H-058D uses the basic zirframe of
tne CH-58 AL nelicopter modifications. Tne C(H-58's inzclude a mast-mownted
3ight (MMS) sub-system d2signed as an asrizl surveillance systam for dzy/nignc
acquisition of enemy targets. The &-58 performs day and night close
aerc-scout and field artillery aerial obs2rver missions world-wide under =z
variaty of envirommental and tareat conditions. The (H-58 will be assigned
as ar aero~scout helicoptser for attack neiicopte~ campaniss and air cavalry
troops and as a field artillery aerial observation helicopter.

UH-604 Black Hawk Helicopter: The Black Hawk is a twin-turbine, medium
speed, single main rotor configured helicopter capable of transporting cargo,
11 cambat troops, and weapons during day, night, visual and instrument




oconditions. The main and tail rotors are both four-bladed, with a capability
of manual main rotor blade folding, tail rotor blade scissoring, and tail
pylon folding. The aircraft is powered by two T700 General Electric 1543 SHP
tubine engines and has a flight endurance time of 2.3 hours at 4,000 feet
altitude and 95 degrees Fahrenheit. The Black Hawk will replace the WH-1 in
air assault, air cavalry, and aeramedical evacuation missions. The Black Hawk
was designed to transport troops and equipment into cambat, resupply these
troops while in cambat, and perform associated functions of aeramedical
evacuation, repositioning of reserves, and other combat support missions.

AH-64A Apache Helicopter: The AH-H6U4A is a twin engine attack helicopter
designed as a stable, manned aerial weapons system to deliver aerial point and
area and rocket target firepower. Developed to be the most lethal ang
survivaple helicopter in aviation history, the AH-64 will augment the combined
arms tean witn improved folding fin z.75 asrial rockets, 30mm cannon, and tne
anti-armor HELIFIRE missile. The AH-64A will parform its assigned missions by
providing direct aerial fire support under day, nizht, and marginal weather
conditions. Typical AH-6U4A combat missions include anti armor, air cavalry
oparations, and escort and fire support for aimobile operations.

Selected Parts of the AGT 1500 Turbine Shaft Mhgines: The H-1 Abrams tank is
powered by an AGT 1500 SHP turbine engine. The depot will support the
reclamation of selective parts that require special equipment and processes
tnat are not available at other depots. The list of parts and special
squipment and processes that the depot has avzilable to support thne
reziamation is shown below in Table 2-2.

Tanie C-2 Selacted Engine Parts To Ee Fepaired By The Depot

PART PROCESS REQUIRED

STATOR VANE
5 1ow & U4 nigr pressure)

Electric Diszharge Macnining
Vacuun Irazing

TURBINE WHEELS
“1st tara dtn)

Plasma Spray
Precision Balancing

TIRBINE NOZZLES Elactric Discharze Machining

{1st, 2nd, & 4th)

TURBINE SHAFT
BEARING HOUSINGS
TUREINE CYLINDER
SHROUD ASSEMBLY
BEARINGS (ALL)

POAER TURBINE
HOUSING ASSEMBLY

Vasuum Brazing
Plasma Spray

Electron Beam Weld

Elactron Beam Weld

Plasma Spray

Piasma Jpray

Complete Bearing Rework
Electric Discharge Machining

Vacuun Brazing
Plasma Spray




Landing Craft, Air Cushion (LCAC) TFA40B Marine Gas Turbine Engine: The TF40B
engine, a derivative of the T55 AVCO Lycaming engine of the CH-47, powers the
Naval Sea System Command's newest assault craft. The LCAC is a high-speed,
over-the-beach, ship-to-shore hovercraft with capability to lift all equipment
organic to the ground elements of a Marine Amphibious Force. Each LCAC is
powered by four TF40B gas turbine engines. Projected fleet size by 1994 is 30
hovercraft with a total population of 360 TFU40B engines plus 10% spares. The
pilot overnaul .program is scheduled to begin in Jun &7 with full organic depot
support beginning in Jan 86.

The large increase in workload due to the new systems described above
results in the need to modernize and expand the existing shops and tc
construct new faciliities. The Black Hawk and Apache are both larger in size
than tne present systems being overhauled. The manufacturing shops must be
able o accommodate not only the increased workload but larger airframes,
engines, transmissions, rotor heads, and many other components. Increased
shop space is not the only requirement for the support of these sophisticated
new weapon systems. State-of-the-art equipment is required to work on the new
materials used and to test the technologically advanced systems in these
aircraft. It is imperative tnat these new systems are provisioned for in
terms of depot maintenance. The airframe, engine, power train, mechanical and
hydraulic components of these aircraft differ widely from tne UH/AH/OH
aircraft caommon to the CCAD depot workload. CCAD will continue to provide
depot level support to its existing assigned aircraft while integrating tne
new systams into the depot for support.

Accordingly, DERSO must also modernize to effectively support this
increased workload and to provide the required RCM catza base, to analyze
squipment failure modes and trends, to develop equipment preventative ana
corrective maintenance plans, to develop equipment overhaul and repeir
procedures, tc svaluate modified and new ejuipment, to gualify nsw vendors, to
serud DMWRs, <o evaluate airframe condition reguirements and to analyzs

aircoraflt corrosion.

(@]
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FOREWORD

The procedure described herein was developed by Reliability Technology
Associates (RTA) for the U.S. Army Aviation Systems Command (AVSCOM), Depot
Engineering and RCM Support Office, as a Special Task under the auspices of
the Nondestructive Testing Information Analysis Center (NTIAC) at Southwest
Research Institute (SwRI), Contract No. DLA900-84-C-0910. The work involved
comprises Task 1 of a multitask effort to review, and revise or rewrite as
necessary, Aramy aviation depot maintenance work requirements (DMWRs) for
reliapility centered maintenance (RCM) philosophy.

At RTA Mr. Ronald T. Anderson and Dr. C. D. Henry compiled and organized
the technical material and developed the procedure. At NTIAC the task was
performed under tae direction of Dr. George A. Matzkanin.

On the part of AVSCOM, the task was under the technical management of Mr.
_ewWls Neri, Chief, Depot Engineering and RCM Support Office. Mr. Robert
Ladner, Chief of the Depot Enginesring Support Division, guided the
development of tne procedure and provided the necsssary Army documents and
other information used as input to the procedure.
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1.0 OBJECTIVE

The objective of this document is to describe a procedure for reviewing,
and revising or rawriting as necessary, existing U.S. Army aviation depot
maintenance work reguirements {(DMwRs) in order to assure that tne basin

‘reliability centered maintenance (RCM) philosophy is incorporated into the

DMwRs. This involves insuring, through the procedure, that the inherent
design reliability and safety of Army aviation items are acaieved with the
performance of the least amount of maintenance and that overhaul is
accomplished on a rational basis. Tne DMWRs reviewed, and revised cr
rewritten, by the procedure will: (1) eliminate unnecessary tasks during depot
maintenance and (2) eliminate arbitrary remanufacture tnrough the developmen:
of extended wear limits and reclamation procedures for piece parts. Following
tﬁa process described in this procedure selected DMWhs will be reviewed and
3C0M Engineering Directives (AEDs) for their revision will be prepared.

2.0 3ACKGROUND

2.1 Reliapility Centered Maintenance (RIM)

Reliability centered maintenance (RCM) is a pracept which uses an
analvoical metnoqoxogy or logic for lnfluen01ng design maintainability an_
rellapility and for establishing specific maintenance tasks for material
systans or equipment.

%2CM 1s pased on the pramise that more efficient and cost-effective
_ife-vime maintanance prograis 2an bde Zaveloped using 3 well d*sc;p;;ned
decisior logic wnich focuses on the consagusnces of failure. A computer-aiged
d22ision logic guestion seguence 1s applied Lo nose parts that zare
na;nuen=nce and structurally signifizant in a particular end item, i.e.,
2ngines, ransmission, rotor system, <2onirol system, airs rame, ete. Lach
s:gn;flﬂant component failurs mode is evaluated to identify aintenancc tasks.

Tne logic process forces maintenance tas<s to be classified 1 t taree areas:
{1) dard Time Maintenance for those failure modas taat require scheduled
maintenance at predetermined fixed intervals of age or usage; (2) un-uondﬂtlow
Mzini=nance (OCM) for tnose failure modes that require schaduled inspections
or tests designed to measure deterioration of an itex so that, based on :ne
dzterioration of tne item, either corrective maintenance can be performed or
tn2 itemr can remain in service; and (3) Condition Monitoring for those failurs
modes that require unschedulec tests or inspection un components where failure
can pe tolerated during operation of tne system or wasre impending failure can
p2 detacted tarougn rouctine monitoring during normal operations.

Furcther information on R34 is given in a report preparei by Reliability
T 2hnology Associates for AVSZOM: "aAutomated Army aAircraft RCM anslysis",
September 1984,
.2 Tnz Depot Maintenance Procsss

-

Figure 2-1 illustrates the depot m2intenance process as performed at ths
Corpus Christi Army Depot (CCAD) and, in general, for Army aviation egquipment.
As snown in the figure, all aviation equipment items are groupsd into thres
main categories upon induction into a depot:

1) Category i: Aircraft - This category encompasses the total
aircraft; for examp.e, the airframe, elect:i22' wiring,
seats, transparencies, push-pull systems and doors.

1
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(2) Category II: Large Ccmponents - This category enccmpasses
large components and major assemblies; for example, engines
and transmissions.

(3) Category III: Small Components - This category encompasses
small components and accessories; for example, gensrators,
hydraulic pumps and oil coolers.

2.2.1 Scope of Work

Although overhaul is the majo” part of tne rework performed at the depot,
not all of the iters processed at the depol receive a complete cverhaul. £L&n
aircraft sent to the depot for a paint job, a transmission sent to tne depot
to replace an unreliable bearing or gear, and an engine sent to the depot to
correct a seal leak are examples of cases where the project work dirsctive, or
contract, will stipulate the scope of work and identify the appropriate depot
maintenance work requirement (DMwR) as the technical data sourcs to perform
the repair task(s).

An aircraft sent to the depot for recair normally contains serviceable
components (for example, engins, transmission, and gearbox) wnicn are removed
only to alleow access for repair of the basic airframe and are subsequently
reinstalled. 1If a discrepant component is discovered during assemply or
functional testing and tne discrepancy cannot pe corrected witn field level
repairs, the component is turned into supply and a serviczable component
issued.

Zngines returned to depot for overhaul normally z20n:tzin sarviceable
accessories (for example, fuel conu vi, overspeed governor, ani igniter un;t
woicn are functionally testai (ba2non testeld) and are subsegaenily reinstalls
on the engines. A2c¢ essaries wnicn do not m=2:st tne functionzl tes:t

P

requirezents and cannot be cor ctea oy minor repairs are eitaer turned into
Suoply as "repairaoles" or ‘ndu- into =z component repzir/overnaul prozram.
Some components ”equlre upgr aing T0 a iater configuration ani are
automatically inducted for repair Tne engine DMWR normzlly provides tne

functional test criteria zlong w-th agjustaent or trim g¢riceria (whers
applicaple). For minor repair, overhaul, or moaification, ohe SiZpencnt DMWE
is consulted.

Wnen a complax unit becomes defeetive in the field, and is beyond field
repair capability, it is often more cost effective to minor repair ravner than
overhaul tne item when received in tne depot. A minor repair consists of the
minimun maintenance nscessary to correct the specific Jiscrepancy that caused
the item to be returned to tne depot along witn oLaer applicable tzsks
associated witia reassembly, testing, and preservation. The minor repair
cnanges tae status of tne unit from repairable to serviceable oput does not
increase its potential longevity. The determinztion to minor respair or
overhaul 1s made after tne item is inducted into tne maintenance shops and
undergoes a preshop analysis (PSt}. The decision logic for making such a
determination is based on fleet rsadiness and cost effectivensss.

Figure 2-2 illustrates a longevity curve wnich depicis wear/degradation
be2navior with respect to time. Tne slope of tane curve during wear-in and
wear-out varies fram item to item as does the length and slope of the stable
Wear life part of tne curve. A discrepancy changes an item's status from
3erviceable to repairable and acis as a roadblock in preveating the item from
prograssing down its longevity curve. Wnen the aiscrepancy arises, usually
eitner overhaul or minor repair is performed. Ovarhaul is performed to
recover used-up wear life; tne longevity of an overhauled item approximates
that of a new item. A minor rapair removes tns roadblock and allows the unit

2}
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to progress; it does not recoup any of the used up wear life and therefore
does not change the item's position on the longevity curve. If rebuild is
performed, the item is new and is returned to the starting point of the
longevity curve.

wear-.n Sravic wear L.is wear-out

s Ot Wear tepradation

=y

D:screpancy !

LY

Timy

rigure z-2 Impact Of Repair In Potential Longevity

2.2.1.1 Depot Maintenance Work Reguirsment (DMWR)

A DMWR is a comprehensive document wnich defines the minimum procedurss
and standards rejuired to process a component Oor end item through the depos.

IT 1s normally provided as tne "Statament of work"™ for each item contracted or

programmed for depot level maintanance. It is z "how o do" type of document
Wwaizn provides tne neczessary Iastructions for tne complste overhaul of tae
item, including conversion/modification criteria and pisce-part reclamation

o< LU0

procedures for tne worse case condition of applicable parts.

The DMwWR is the result of an intensive effort to determine the
maintenance processes reguired to acnieve serviceahility standards and
incorporate those processes into a usable document. That resultant document
should be constructed in a manner wnicn will erable it to pe utilized by tnoss
elaments responsible for producing a gquality produzt thzt meets zhs
serviceability requirements. The effectiveness of the DVMWR will result in
minimizing resource and matsriel expenditures required to restore and retain
reliapility and safety of the equipment.

DMWRs are supplemented in the depot by AV3COM Enginsering Directives
(AEDs) where an AZD addresses a specific problem in a DMWR and can 3lso be
used to support depot programs independent of DMWRs. AEDs zlso serve as an
aid in updating DMwWRs.

2.2.1.2 Snop Traveler

To make use of a DMWR in a practical manner, a spscific ifem repair task
to be performed during tne depot process is converted into 3 "shop traveler."
The shop traveler is attached to the item and delineatss the steps taker o
perform the repair action (as stated per the applicable DMWR).

2.2.2 Depreservation

Depreservation is the initial task %o be rformed in thes depot process.
pe I
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Basically, the task is to remove the item from its incoming packaged state.

[ Category 1 - Aircraft tnat are flown in do not require any
depreservation. Aircrafc within the continental United
State (CONUS) are usually transported to the depot by truck
and only Category II items may require decanning or
deboxing. Items such as a tail boom or tne basic airframe
(i.e. the aircraft without any Category 11 or III items)
rejuire deboxingz. Aircraft transported to the depot via
ship may require removal of preservation compounds.

. Category II - Reguires decanning and/or other unpackaging.
Any preservation fluids/compounis also nezd to be removed
(for example, oil and grease).

° Category III - Requires deboxing and/or other unpackaging.
Any preservation fluids/compounds also need to be removed
(for example, oil and grease).

n

.Z.3 Presnop Analysis/Disassembly

Preshop analysis (PSA) is a logical inspection process that is dons in
conjunction with squipment disassembly. CJomponents are disasseambled to the
sudz332mbly level with a PSA team focusing on the reason{(s) wny the item was
sent 1o the depot and on component operating times. PSha specifies tne extent
5% furtner disassembly and repair needed to be performed at the appropriate
orime snopis) and determines if camponent "short routing" can occur, i.e. if
M::133:191'1,5 can pe sent direcily to tne control nolding area or asse:mly ~inss.
wazk Spots within component must be accessed To Inspeset for
Z nistorically common deficienzies.

. Cazegory I - PSA is conduzsted to aetermxine tne negrea of
disassembly required. This inc_udes removal of all Category
ZI and III items, tailopoom, appropriate panels, and doors.
After thne aircraft is Jdisassembled and PSA is completed, the
airframe and airframe components (for example, tailboom,
skids, pansls, and dsors) are routed to thsir appropriate
prime shop. The Category II and III items are not rapairad;
these items ars routed into 2 holding area or subjected to
preservation and storage. If Category II and/or III items
are found to be unser‘v:.ceab.'.e during aircraft reassembly,
they are turnal into supply as repairables. These latagory
Il and III items identified zs repairables are then
scheduled by for maintenance

o Category II -~ PSa is conducted wnile ramoving all accessory
items and disassembling the basic component into
subassemblies/modules. PSA identifiss the high confidence
subassemplies/modules that can complete processing without
further disassembly or with only partial Zisassembly.

The accessory items are forwarded to their respective prime
shop for cneck and test. Only minor repairs are aillowed to
address deficiencies; otherwise the assemblies are turned
into supply as repairables and scrheduwled for maintsanance.

The subassemplies/modules of the basic component are
forwarded to their respective prime shops for disassembly
and processing. The high confidence subassemblies/modules
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receive a more thorough examination in the assembled or
partially disassembled state in the prime shop. Based on
findings, the prime shop can override the PSA judgment and
completely disassemble the subassembly/module for further
inspsction and/or repair.

Category III - There is no advantage to a P3A since, in any
case, complete disassembly is required. These components
are normally inducted into tneir respective prime shops
where they are completely repaired/overhauled. Only those
plece-parts requiring further repair (for example,
macnining, plating, or welding) are routed from the prime
snop Lo 2 specialty snop.

2.2.4 Cleaning/Paint Removal

Cleaning and paint removal tasks are performed only if necessary o
facilitate inspeztion and/or repair.

Category I - Normally the most needful of paint removal.
This is performed using paint remover (Federal Specification
TT-RC245), vapor blasting (for example, zlass bead, light
abrasive, or plastic media), or hot-aimaii Soak.

Category Il - Reguires tne removal of sludge and/or slurry.
This is performed by masxking 21l component openings to
pravent clogzging by deposits and then utilizing one of the
fol;owing processa2s: sclveat Immersion, dry-cieaning
so.vani, vapor Diasting (care must 23 taken Lo prevant
wearing away of metal), hot-zikali soak, or periodic-revarse

L Sz:l.A; .

,-

Category i1 - hddressed tne same as CZategory I1 components.

2.5 Inspection

10n

/\g,(
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Detailed ZiInspection of components is performed at the prime shog.
ction is direcztei ab plece parts anc utilizes nonaestructive inspect
technigues, as appropriate.

Category I - Inspection feor cracks, corrosion, holes, bends,
delamination, distortion, wiring defects, liankage wear,
nydraulic leaks, missing fasteners, etc.

Category IZ - Inspection for cracks, bends, excessive wear,
heat damag=, fatique, etc. An 2ngine, for example, reguires
turpine piade inspection for deterioration and balancing
flaws
rs .

a
:ems. A fuel control, *or examp;e, regquires control
inkage inspection for excessive wsar and damage.

2.2.6 hepair Task

The basic repair

ask for Category I, 1I, and IiI items is performed at

cr

o
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+ae applicable prime snop. Items received at the prine snop are usually in
tne form of accessory or module/subassembly items. The project work directive
1dentifies tne rcpair needed and identifies tne appliicable DMWR to be used.
Normally, the specific repair action needed is identified in the form of a
"snop traveler" and attached to the item.

The prime shop functionally tests the item and then performs disassembly,
as needed, to the piece-part level. At this point a piece-part may be sent to
a support snop for a specifiz specialized repair action.

-

2.2.7 AReassenply

Reassembly of components is performed relative to instructiocons provided
witain the applicabls DMWR. At this poliat, smaller coagonents are
Sunctionally tested.

. Category I - The airframe is rivetad together and painted.
411 Category II and III components, including
transparsneies, seats, doors, and wiring, are installzd.

. Category II - Final assembly is normally performed in stages
wita eacn sabassembly/module being assembled in its
respective prime snop and then installed in tae basic
component. Subassemblias/modules often rsquire penca
testing, load taesting, bdalancing, zZe2ar patlerning, gear
vacklasn chezk, weasurement of fit/zlearance/alignaent,
atc., upon assembly and/or during installavion into pasic
component final assembly.

l‘A

lategory ill - Eina
ziven bencn, starting wi

n

I
-

anbly is normaily acocmpiishel on 2
siece-parts.

2.2.8 Sunctional Test

A functional *est is applicable to not only the aircraft's systems, but
=5 almost all aircraft components and component accessories. This consists of
subjecting the item in question to a series of tests to verify conformity to
required operational specificatic

° Category I - Upon complete assemblement, the aircraft is
subjected to ground testing and any needa2d adjustments are
made. The aircraft is then flight tested.

° Category II - Engines, transmissions, gearboxes, etl., are
functionally tested in a test cell. Aside fram the various
parameters that are measursd during instrumentation testing,
the test operator is sensitive to noticeable oil leaks, air
leaks, abnormal sounds, etc. Some transmissions and gear
boxes require partial disassembly to check pinion gear tooth
patterns before completing the functional test. Some
accessory items, sucn as engine fuel controls, are adjusted
to achieve compatability with the engine during engine
testing.

. Category III - Components are bench tested and adjusted to
achieve performance requirements.




2.2.9 Preservation/Packaging

Preservation and packaging tasks complete tne depot repair process.
Preservation prepares the item to withstand effects of decomposition caused
primarily by moisture and 1s especially applicable to items remaining at the
depot under storage conditions. Decomposition does not occur in a
atmospnere when moisture is not permittsd to reach the item's surface.
fackaging orepares the item for travel as well as to inhibdit jecomposition

£ oy
2I'r2ct3.

clean

The selection of packaging techniques depends on such factors as:

susceptibility of the item to damage, normal aazards to whican tae itam will be
axposed, tiae lengtn of time tae item must reamain in tae zackage, znd the
oromovional rols Or tine package.

Category I - Aircraft that are to be flown from the depot to
the using unit require no preservaticn. Aircraft taat are
to dpe airlifted outside tne continental Unitad States
(CCONUS) via C-141 or C-3A ar= palletized. For example, for
tne Un-1 and AH-1 tals involves removal of tie main rotor
olades, the rotor head and mast, and tae tailboam. The main
rotor blades, along wita the UH-1 rotor nead and mast, are
installed in a nolding rixture and attacned to 3 pallst
oen2ata the aircraft. Ihe rotor nead and mast Zor tne Ad-1
are fixtured to a pallat and placad inside the UH-1. Tae
taildoom is installesd in a fixture (vertical fin down) and
ittached ©o thne side of tie aireraft.

Category 1II - Some ccaponents and componant zccessorias
r2quire special preservation that can pe zacccaplished
immediately after functional test. For example, after
cnecking pinion gear tooth pattern on a gear box, MIL-L-8188
corrosion resistant oil is used in tae gearbox for the
remainder (i.s., a short time period) of the functional
testing. Also, the T-53 engine fuel control is drained of
fuel at the end of functional testing and is filled with 10
weight oil.

Basic components, such as an eagine or gearbox, are
installed in reusable metal transport/storage containers.
Most of these containers are sealed air tight and contain
bags of desiccant which absorb moisture from enclosed air.
For example, the T-53 engine is enclosed in an air tignt
ziplock bag, with desiccant located inside the bag, and then
placed in ventad metal transport/storage containers.

Category III - Components are pressrved wita an oil film
and/or other compounds, possibly bagged, and boxed for
transport.

3.0 RCM DMWR REVIEW PROCEDURE

3.1

The KCM DMWR review procedure is shown in Figure 3-1.

Step 1:

Compile Data

3.1.1

Current [MWRs

The DMWRs to which the procedure is to be applied are listed in Table 2-!
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Otﬁer Dasa \ MIL-M-
- Safety ot R v 6306 [C{TH)
Flight //
Messages r
Compile
Jata ol
T
R Evaluate/Develop
g;:;u?:e;?evelop PsSa Other OMWR
WR Section Parts as
- Minor Repair Needed
- PSA Checklisc
4
Prepare Drari:
Jocument AED(s]
for changes
_— —
' Y Y 4
: Review Drait AED(s) Review Oraf:z AED(s) '
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i (AVSCOM) )
i ,
| {
. i
' v
As Needea * As Needed
Revise Draft
; AED(s) (
accomplish Pilot
QOverhaul at Depot in
Mannour Accordance with Draft
Estimates AED(s)
1
pPerform Cost- prepare Final Prepare Final
Benefit Cost DMWR Report Draft AED(s)
Analysis Savings
AVSCOM, St. Louis
Figure 3-1 RCM DMWR Review Procedure
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Table 3-1

DMWRs To Be heviewed

O W~ O ) —
e e e o s e e

753-L-13B/T153-L~703/T53-L-7014 Engines (DMWR 55-2840-113)
155-L-T12 Engine (DMWR 55-2543-254)
To3-4-700 Engine (DMWR 55-2540-231)
T63-4-720 Engine {(DMWR 55-254(-242)
Power Turbine Governor Model AL-iL3 (DMwR 55-2915-140)
UH-1/8R-1G Main Transmissicn CMWR 55-1615-156)
H-1S Main Transmission (DMWR 35-1015-275)
OH-53 A/C “ain Transmission (CMWR 55-1560-157)
CH-U47C Forward Transmission {(JMwR 55-1615-117)
CH-47 Aft Transmission (DMwhR 55-1615~116)
Cri-47 Combining Transmission (DMWR 55-1615-152)
CH-47 Engine Transmission (DMwR 55-1615=153)
Uh-1 Hinety Degree Gear 30x (DMWwR 55~156G-127)
AH-1S Ninety Degree Gear Zox (IMWR 55-1015-277)
AH-1G 90 Degres Gear Box (DMWR 53-1615-125)
CH-53 A4/C Tail Rotor Gearbox (DMWk 55-1615-153)
JH-1 Main Rotor Hub (DMwR 53-1015-102)
CH-56 Main Rotor tup (DMAR 53-1615-158)
Ci-47 Rotary-wing Head Assembiy (DMwR 355-1615-112)
AH-1 Main Rotor Hub (DMWR 55-1560-196)
Ch-47 Controllable Swasnplate (DMwR 55-1615-114)
0h-58 Tail Rotor Blade/Tail rotor Hub (DMWR 55-1615-162)
Ch-47 Aft Rotary-wing Drive Shaft (DMWR 55-1615-113)
Atd<1S Servo Cylinder (DMWR 55-1650-322)
Ch-47 Electromechanical Linezr Actuator (DMWR 55-1680-239)
CH-U47 Electromechanical Linear Actuator (DMWR 55-1530-266)
OH-58A Gas Turbine Fuesl Control (DMWR 55-2915-148)
UH=-1 Centrifugal Fuel Booster Pump (DMWR 55-2915-284)
U-21 Propeller Governor (DMWR 55-1610-222)
QV-1 Pressure Demand Oxygen Regulator (DMWR 55~16060-113)
U-1 Valve Assembly (DMWR 55-1615-150)
OH-58A Fuel Pump and Filter (DMWR 55-2915-147)
CH-47 Flight Hydro System (DMwR 55-1650-291)
CH-47 Hydraulic 3tarter (DMWR 55-2935-107)
AH-1 C/S Electro-hydraulic Servo-actuator (DMWR 55-1650-160)
OH-58 DC Starter-Generator (DMAR 55-2925-245)
Army Model OH-58A Helicopter (DMWR 55-1520-228)
AH-1S Helicopter (Modified) (DMWR 55-1520-234)
U-21 Propeller (DMWR 55-1610-219)
T74 CPT00 Engine (DMWR 55-2840~-120)
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in the order in which they are to be done. In each case the latest changed
version of the DMWR will be used as the baseline for the review.

3.1.2 Military Specification MIL-M-63041: Preparation of Depot Maintenance
Work Requirements

This specification contains the detail requirements for preparing DMWRs.
The version MIL-M~-63041C(TM), dated 1 Cctobar 1934, is used.

3.1.3 DARCCM Regulation No. 750-9: Reliability Centered Maintznance -
Application to Tepot Maintenance Work legquirements

This regulation defines the basic philosophy of ACM as it relates %o
depot-level maintenance and directs that DMWRs be developed in terms of RCH
onilosophy and that DMWRsS be reviewed and revised or rewritten as necsssary to
incorporate the RCM pnilosophy.

5.1.4 Interviews

The equipment <o waich the DMWRS to be reviewed apply Wwill ce followed
through the depot process by experienced RTA enginesrs, starting witiz presnop
analysis, if applicable, and proceeding to thes prime shsps. At 22c¢n st2p the
depot personnel direcily involved with the 2quipment will be interviswed to
dactarmine weaknesses and problems with the eguipment, how tnese
weaknesses/problems can be addressed, and the high confidence items whizh can
pe sncrt routad. This will involve, as a minimum, witnessiagz tae disassembly
of the eguipment.

In acdition tae cognizant engineers in the AVSCCM Depot Enginsering and
RQM Office for escn piece of equipment will be interviewed to obtain their
expertise.

3.1.5 AVSCOM Enginesring Directives (AEDs)

Certain AEDs deal with concepts and procedures for processing and
managing equipment through the depot process. These include AEDs on RCM
application to T53 engines and to transmissions and gearboxes, AEDs on
complete depot repair (CDR) programs for engines, and AEDs for the minor
repair of engines. These will serve as background material for the PSA
sections of the DMWRs reviewed.

3.1.6 AVSCOM RCM Data Bank

The AVSCOM Technical Analysis Branch colleets, reduces and analyzes data
from all available sources relative to the operation and maintenance of
turbine engines. From this data U.S. Army turhine engine reliability,
maintenance significant items, and failure modes can be measured and
evaluated; engine components or parts with potential for improved reliability
can be identified; and future engine requirements can be decided. For engine
DMWRs, tnen, this data bank can be used to assure that current maintenance
tasks in the DMWR mitigate all prevalent failure modes and, if not, to
establish additiconal corrective maintenance requirements in subassemblies or
components of engines.

3.1.7 Other Data

Other data for the RCM DMWR review include AVSCOM memoranda on problems
11




with certain equipment and corrective actions from safety of flight messages.

3.2 Step 2: Evaluate/Develop PSA Section/Other DMWR Parts

The main objective of tne RCM DMWR review program is to incorporate
preshop analysis (PSA) as an integral part of the entire maintenance process
Lo Llzntily existcat failure(s) fhrough “he usc of avoilarlz: data, test, and
inspection. Through PS4 an evaluation of these elements is conducted to
determine the condition of an item prior to performing corrective maintenance
to return the itam to a serveable condition. Tests, inspections, experience,
and historieal data, then, are used to determine overhaul procedures with the
l2ast maintenance processes.

PSA is applied at the subassembly or component lavel to facilitate the
maintenance process and maintain the reliability of the item. Preshop
analysis utilizes visual inspection, diagnostic testing, nondestructive
testing, dimensional inspection, and other methods in conjunction with
experience and historical data in the evaluation process. Preshop analysis
using inspections as well as diagnostic test is performeg at the highest
possible level of assembly to prevent unnscessary disassembly.

Aith use of the data compiled in Step 1, then, each DMWR will be
revieved, and revised or rewritten as necessary, througn accomplishment of the
tasks listed in Figure 3-2 for the taree categories of aguipment.

The PSA DMWR section will, in general, comprise Chapter 3 of the DMWR and
Will have the general format and content shown in Figure 3-3.

3.3 Step 3: Prepare Draft Document AZD(s)

Document-type AVSCOM Engineering Directives (AEDs) will be the vehicles
for revising cr rewriting a DMWR to incorporate the PSA section, and other
DMAR parts, developed in Step 2. These will be prepared in accordance with
Procedure No. DESS-009C.

3.4 3tep 4: Review Draft AED(s)

The draft AED(s) will be submitted to the AVSCOM Depot Engineering and
RM Support QOffice for review from an engineering and operational viewpoint.
They will be submitted to the Nondestructive Testing Information Analysis
Center at Southwest Research Institute for review from the standpeint of (1)
optimizing the utilization of visual inspection, diagnostic testing,
nondestructive testing, dimensional inspection, and other methods,
particularly as they would apply to preshop analysis, and (2) analysis and
evaluation of remaining life and life extension criteria and methodology.

The draft AED(S) will be revised and reviewed as necessary.

3.5 Step 5: Accomplisn Pilot Overhaul

Action will be initiated to accomplish a pilot overhaul in accordance
with the draft AED(s). The pilot overhaul will be monitored, problems will be
resolved, and changes will be authorized during the pilot overhaul as
appropriate.

3.6 Step 6: Prepare Final Draft AED(s) and Final DMWR Report

The AED(s) will be revised, as necessary, based on results of the pilot
overhaul, and submitted to AVSCOM for the updating of the DMWR.
A final summary report for each DMWR, identified to DMWR number, NSN,

12




I. AIRCRAFT:

A,

Presnop Analysis {(PSA): If a PSA exists, it will be

evaluated; if it dcesn't exist, it will be developed. The

DMWR PSA wWnich results Will provide guidelines to the depot

for examining the basic airfrape and identifying the extent of

repairs required. Initiatives will include:

1. Determining wnich panels and other structure require
arbitrary removal from the airframe and which are
removed only for cause.

2. Identifying specific structural weak points that mus:
be addressed at every overnaul.

3. Determining wnich aireraft require alignment check at
Jrerr ~vernaul and, if not, when an airframe alignment
fixture is required.

4.  Reviewing the overhaul process %o jeteru.ne wnat other
tasks can be eliminated, streamiined, or azcomplished
only for cause.

5. Determining the sxtent of repair for the tailboom.

6. Providing guidance for using visual examination in
lieu of NDT ‘wnere possible) for decectiing cracks in
piece parts.

The accessories/compornents whica require functional test or

special inspection will be determined.

The aircraft's characteristics weaknesses which aust be

addressed at overnaul (convenience maintenance) will be

identified.

IZ. MACCR CCMPONENTS (ENGINES, TRANSMISSIONS, £7C.):

A.

g

Presnop Analysis (PSA): The PSA w#ill establisn a limited

disassembly concept wnich will feature:

1.  Short routing of the high confidence assempiies by
establisning hard <ive between camplete iisassemplies
for each major assembly or subasseubly.

2. Igentifying inherent Weaknesses waich must bde
addressed at eacn overnaul {convenience maintenance).

3. Identifying bearings +hich requirs disassemdly and
inspection in clean roam =2nvironment.

Guidance for using visual zxaminaticn in lisu of NOT [wners

pesszible) for decaciing Iracgs in pisce parti Will de

Jrovided.

Place part3y whilcsh snould remain togetnsr for reassemnly (wnere

practical) and desired alternatives wnen sucn parts do act

remain together will be identified.

The DMwWR will provide for check and test I the major

canponent's accesscries and the perfcrmance of ainer repair as

necessary.

The overhaul process will be reviewed <o Jetermine ~hat other

tasks can be elimirated, streamlined, 2r accamplisned only for

cause.

III. sSMalL COMPONENTS:

Since these components are disassembled, on a wWorkbench, directly into

their integral piece parts,

there are usually not sutassemblies,

or

subassegblies are bonded together and further disassembly is impractical.
limited disassembly is not a viable initiative on small components, a

Although
PSA will
A.

5.

~
e

D.

be developed to address:

Inherent weaknesess of the component wnich requires empaasis
at eacn covernaul.

Guidance in determining when and whica parts require NDT.
which parts snould remain tcgether for reassembly (wherse
practical) and desired alternatives when -=uch parts do not
remain together.

Which bearings requiring disassembled/iInspected in a clean
roan envirorment.

Figure 3-2 RCM DMWR Reviaw Tasks
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CHAPTER 3 - PRESHCP ANALYSIS

3.1 3Section I - Purpose, Test and Analysis Standards

3.1.1 Purpose. This paragraph will state something siw lar to the following:
"The purpose of preshop analysis is to determine, at the nighest assembly
level possible, the work required to return the item to a servizeahle
condition as specified herein. If inspection at the highest level of assembiy
is precluded by missing, damaged or diagnosed defective asseamblies,
consideration will be given to techniques that would allow continued
inspection at that level. If this is not possible, inspection will proceed at
the nex: lower level. A preshop aralysis checklist (see 3.2) will be used to
record the resuits of the analysis and any required maintenance.”

2.°.2 Gengr2l Irngtruacrinn Gereral instructions for inspection of forms,
removal of end item, asseambly, subassembly or component from snipping
container, external inspection, cleaning, temporary preservation, special
handling or decontamination procedures, modifications, and testing will de
contained in the following paragrapns:

3.1.2.° Inspection of Forms. Instructions to check all tags and forazs
attacned to the end item, asseambly, subassembly or component to deteraine tne
reason or removal from service, other discrepancies, and acczuznulated
operating time will be covered. This will include instructions not -0 remove
the tags and forms. If any tags or forams are missing, instructions for
obtaining the information tney contain will be placed here.

3.1.2.2 Removal of ind Item, Assembly, Subassembly or Component from Shipping
Container, Packags or Storage. Instruction for removal frca snipping
container, package Jor storage arnd electrostatic discharge control measures
will be covered.

~

.1.2.2 Externmal Inspestion. Instructions for external inspection of the end
1

[ov]

item, assembdly, subassembly or component will be Iin-luded to <determine
completeness of end ltem, assemply, subassemtly or component, ev.ience cf
dapage, and remaining lifs.

3.1.2.4 Cleaning. Instructions lor cleaning of tie end Itexm, assembly,

subassenbly or compenent for inspection will be covered.

7.2.5 Test. This paragrapn will cdntain instructions for presnor analysis
3ts Wrica inciude verifying tests to confira damage. ma.lunction
eport,/ Mistsrical record/remaining life/data (unless damage =malfunzoion is
otvious!, nendestructiva or operational check/performance funational tests and
troublasnooting/fault isolaticn procedures Lo support testing.

3Tl
")

3.1.2.6 Temporary Preservation/Protection. Instructions for temporary
preservation/protection of the enZ item, assembly, subassembly, zr compenent
pending performance of maintenance required will be contained cor refarenceg
nerein.

2.1.2.7 3pec-al Handling or Condemnation Procedures. Instructions £z
special handling or condemnaticn procedures for such reasons as precious metal
content, high dollar value, critical or hazardous material will be covered.
Any pertinent available documents on handiing or condemnaticn will be
referernced.

3.1.2.8 4nalysis Maintenance Actions. This paragraph will contain general
standards for analysis to detaraine maintenance acticns wnich are based on
results of the preshfiop anaiysis. This paragrapn may be ccmbined with the test
Paragraph 3.1.2.5.

3.2 Section II - Presnop Analysis Checklist (see Figure 3-4.;

A preshop analy3is checkiist will be prepared, in working sequence, and
contain visual external inspections, tests and analysis maintenance actions
required of the end item/assembly/subassembly or ~ocmponent at the hignest
level of assembly. The checklist will be used to evaluate the end item,
assexzbly, subassembly or component to determine the extent of overhaul
operations required to make the end item, assembly, subassembly or component
completely serviceable as specified in the DMWR. Complex end items may
require removai of assemblies (pcwerplant/engine and transmission, etc.) for
preshop analysis in accordance with the applicable publication which will be
listed under the recommended maintenance action column of the PSA chnecilist.
Detailed test procedures or reference to the final test procedures, which
incluce verifying test to confirm damage/malfunction, report/historigal
record/data (unless damage/malfunction is obvicus), nondestructive or
operational/riignt testv/performance test /with ACAP sampling and
troublesnooting/fault isolation), wili be listed on the PSA checilis:.

figure 3-3 PSA DMWR Section Format and Content
1t




Table 3-1. Preshop Analysis Checklist - Engine

————————

T w———— v — e

Stgnature and

Para {Condition/Dimensions JRecommended Date of Person
Inspection/Test Ref JFound Maintenance ActionjPerforming Analysis
<-(Typed in by preparing-->{<--(Written in by person poliorming -->

activity) analysis)
o | N R RO
Review of records 3-14 O.’ 5 Lm\t?ﬂ‘idaie_cll C’lan%. o '31’ - (}»ev
and data para - /18 /¢
Sheet  of __

Figure 3-4 Sample Preshop Analysis Checklist

15

—



v"—"'"‘—"r-'-

rw

nomenclature, and model, will be submitted giving background information;
program objectives; number of additions/deletions to the DMWR; pertinent
assumztions and methods used to make the change, including a summary of depot
personnel/AVSC(M engineer interview data and, for engines, AVSCOM RCM data;
pertinent comments; discussion; and conclusions, as well as the total cost of
the review/revision/change for that DMWR, including technical reviews,
editorial reviews, and other required efforts. Also included will be
information on manhour savings, manhour cost savings, matarial cost savings,
and the net cost 3avings, all per unit, as a result of the RCM revision of the
DMWR.
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1.0 OBJECTIVE

The objective of this document is to describe the background,
assumptions, and methods used to review, and to revise or rewrite as
necessary, existing U.S. Army aviation depot maintenance work requirements
(DMWRs) in order to assure that basic reliability centered maintenance (RCM)
philosophy is incorporated into the DMWRs. This effort was carried out in
accordance with the direction given in Army Materiel Command (AMC) Regulation
No. 750-9 dated 31 August 1983 and is part of the response of the U.S. Army
Aviation Systems Command (AVSCOM) to the Department of the Army mandate to
implemant RCM concepts and principles on weapon systems.

2.0 BACKGROUND

2.1 Reliaoility Centered Maintenance (RCM)

Reliability centered maintenance {RCM) is a systematic, disciplined
metnodology used to identify maintenance neeced to ensure restoration and
preservation of the inherent design reliability, safety, and mission
accanpiisment of equipment at a minimum expenditure of resources and o
oravent indiscriminate maintenance which is not cost effective.

Tne overall objeccive of RCM for a materiel systam is to arrive at that

recise amount of maintenance which is essential for restoring and presnr'ving
inherent system reliability, meeting safety standards, and minimizing the
liklinood of mission abort.

RC¥ i1s based upon tae premise Lnat maintenance cannot improve ugon <he
safaty or religbility innersant in thne design of the hardware. Good
mzlnlenance car nly preserve tness znaracieristics. The RIM concent
evaLustes malm'. nance bassd on equimment functions ana failure modes.

AlM divides the total maintenancs specirum into Three caitegories of
malntenanze:

.1)  Hard Time Limit Maintenance consists of <hat maintenance

that 1is vr'forma: av a predetarmined, fixed interval because

of age or usage such as operatv ing time or {lying hours.

23 On-Condition Maintenance {OCM) is performed, or an itam is
replaced, based upon an inspection and evaluation of the
item. On-condition evaluation and inspecztion are performed
for either of two reasons:

(a) To anticipate failure by tection
deterioration and theredy attemps to prevent t
occwrrence of failure during operation, or

{b) To determine the occurrence of nidden failures;
i.e,, failures that are not detectable by the
oparator/crew dwing normal operation

t3) Condition Monitoring of equipment is carried out during
normal operation or startup procedures without detrasting
from actual operation. The operator/crew is directed to
monitor for specific abnormal conditions. The condition
monitored item may normally be corrected by the
operator/crew or be nperated for the duration of tne mission
without any adverse effects. It is performed for either of
TWo reasons:

(a) To observe a defteriorated condition wnich wil
lead to failure if uncorrected, or

(b) To observe tne occurrence of failure during
operation.

(&%
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RCM does the following:

(1) Identifies (using data from system safety and reliability
programs) camponents in a system which are critical in terms
of mission accomplishment and operating safety,

(2) Determines the feasibility and desirability of maintenance,

(3) Highlights maintenance problem areas for consideration, and

W) Provides supporting justification for maintenance,

Tne RCM philosophy dictates that maintenance should be performed on
critical components only when it will prevent a decrease in reliability and/or
deterioration of safety to unacceptable levels or when it will reduce the
iife- cycle cost of ownership of the system or equipmant. Maintenance should
be performed on noncritical camponents only when it will reduce the life-cycle
cost. of ownership of the system or equipment.

As it relates to depot-level maintenance, RCM provides a methodology so
that depot maintenance is accomplished on a rational basis. An RCM process at
the depot level first identifies existent failure(s) through use of available
data, test, and inspections. An evaluation of these elements is conducted to
determine the condition of an item prior to performing maintenance to return
the item to a serviceable condition.

Tests, inspections, experience, and historical data are used to the
extent practical for each unique item of equipment to determine depot
maintenance procedures with the least processes. Particular attention is paid
to the following areas:

(1) The Army O0il Analysis Program (AOAP), as prescribed in AR
750-22, is used as applicable to identify maintenance
requirements in subassembliss or camponents.

{2)  Preshop analysis (PSA) is incorporated as a integral part of

the entire maintenance process. Preshop analysis using

inspection as well as diagnostic test is performed at the

highest possible level of assembly to prevan®t unnecessary
disassembly.

Wear tolerances are reviewed to allow maximum use of par:

within safety and reliability parameters. Tolerances that

are primarily for manufacturing purposes are not required

checks unless specifically required for reliability or

safety.

A Dignostic tests are reviewsd for general application and for
maximuu allowable variation while retaining safety and
reliability. Tests are used to determine the extent of
depot maintenance, not to confirm design parameters.

5 Economic considerations and trade-offs are bzlanced against
reliability and safety requirements. If limited disassemdly
is required to determine condition and repairs reguired, any
parts or assemblies easily accessible because of this
disassembly are considered for regair or repiacement based
on condition, reliability, age-usage relationship and
economics.

{6) Disassembly and replacement solely for cosmetic purposes are
avoided.

(7) The benefits of refinishing end items and assemblies are
weighed against the consequences of touch up only.

(8) Component repair or replacement is justified by
statistically sound test or field data. Repair cr
replacement of an item is correlated closely between
reliability and age or usage.

~
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2.2 The Depot Maintenance Process

Figure 2-1 illustrates the depot maintenance process as performed at
Corpus Christi Army Depot (CCAD) and, in general, for Army aviation equipment.
As showa in the figure, all aviation equipment items are grouped into three
categories upon induction into a depot:

(1) Category I: Aircraft - This category encampasses the total
aircraft; for example, the airframe, electrical wiring,
seats, transparencies, push-pull systams and doors.

(2) Category II: Large Components - This category encampasses
large components and major assemblies; for example, engines
and transmissions.

(3) Category III: Small Oomponents - This category encompasses
small components and accessories; for example, generators,
hydraulic punps and oil coolers.,

2.2.1 Depot Maintenance Work Requirement (DMWR)

A DMWR is a comprehensive document which contains complete overnaul
criteria, identifies minimum acceptable standards and (where applicable)
provides preshop analysis guidelines for determining the extent of repair
required, It is normally provided as the "Statement of Work" for each item
contracted or programmed for depot level maintenance. It is a "low to do"
type of document which provides the necessary instructions for tne comple:e
overhaul of the item, including modification of parts, subassemblies, and
assemblies and/or parts, subassemblies, and assemblies required to convert to
latest item configuration as specified in depot program notices.

Tne DMWR is the result of an intensive =ffort to determine the processes
requirsed to achieve maintenance standards and incorporate those praocesses intso
a usable document as des2ribed in MIL-4-63041. That resultant document shoulcd
be constructed in a manner which will enable it to be utilized by thosz
elements responsible for producing a quality product that meets the
serviceability requirements. The effeciiveness of the DMWR will result in
minimizing resourze and matzriel expenditures required to restore and retain
reliability and safety of the equipment.

DMWRs are supplemented in the depof by AVSCOM Engineering Directives
(AEDs). AEDs addrass specifi¢ problems in a DMWR and serve as an aid in
updating the DMWR. AEDs are also used to formulate technical data packages
for piece part repair, contracts and provide alternate procedures to the aepot
pecause of unique capabilities or restrictions. AZDs of tnis latter type are
referred to as "program" AEDs by AVSCOM DERSD since they will not be picked up
in a IMWR.

2.2.2 Presnop Analysis

Presnop analysis (P5A), an integral part of the entire depot maintenance
process, 1s a logical inspection procedure that is done to determine tne
condition of an item sent to the depot. The condition of an item, along with
the reason(s) why the item was sent to the depot and the component opsrating
times, will dictate the minimum amount of depot maintenance needed to restors
the item to inherent design safety and reliability levels. PSA identifies the
extent of disassembly and repair required at the appropriate prime shop(s) and
also determines if camponent "short routing" can occwr, i.e. if camponents can
b2 sent directly to the control holding area or assembly lines. Preshop
analysis utilizes visual inspection, diagnostic testing, nondestructive
vesting, dimensional inspection, and other methods as determined appropriate
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Figure 2-1 Depot Maintenance Process




in conjunction with experience and historical data in the evaluation process.
Preshop analysis using inspections as well as diagnostic test is performed at
the highest possible level of assembly to prevent unnecessary disassembly.
Defined weak spots within a component must be accessed to inspect for
specified historically common cdeficiencies and to determine repair required to
restore item design requirements reliability and safety.

Tne PSA section of a DMwR provides the "what-to-do" guidelines necessary
for determining when and where to apply the DMWR's procedures.

2.2.3 Minor hkepair

Allhough overhaul is the major part of the work performed at a depot, not
ail of the items processed at z depot receive z complete overhaul. When s
complex unit becomes defective in the field, 2nd is bsyond field repair
capability, it is often more cost effective Lo minor repair rather than
overhaul when recz2ived in the depct. A minor recair consists of the minimum
maintenance necessary Lo correct the speczific discrepancy that caused the item
to be returned tc tne depot along with other applicable tasks associated with
reassemply, testing, and preservation. The minor repair changes the status of
the unit from a repzirable item to a serviceable item retaining reliability
and safely design ievel reguirements, but it does not, in general, increases
the unit's psotentizl longevity. Tne determination to minor repair or overhau.
is made after the Itam Is inductad into the depst and undergoes a prechc:t
analysis (PS4},

lgure 2-2 I.lustirates a longevity curve which depicts wear/degradation
Denavior witn resgezt to time., The slops of the rve during wsar-in anc

Wear-out varles Ir0T Li2m 1o iltam as does ithne L n aisd slope of Tns suabis

wzzar _lle part oI ine curve, L Jeserepzan2y cns gn ltem's status frox
3ervicseatle T 7 ~2oie 3nd a2is as g roadbios crevanting tne Liem froo
DUOZressing Gown TS Longevity zsurve, Wnen the clssrepaney arises, usuelly
2liner overnaul o~ minor repelr is performei. OJvernaul 1s performed s
“ezover us2c-url w2ar _1fe in I1tens with time-Detwsen-overnaul (T3C) Limits;
tas longevity of 2n overnauleld item approximatss thst of a new itam. A minor
repalr removes the r0adblock anc zllows The unit Lo progress; it doss naot
regcour any of Inz usex up wear 1ife and taerefore does not change the itan's
position on tne Longevity curve., For simple OT¥ Iltems without T730s minor

Tejalr 18 Uhe on.y &.lernatlve.

Figure 2-2 Impact of Repair on Potential Longavizy




3.0 RCM DMWR REVIEW ASSUMPTIONS AND METHODS

3.1 Initial Considerations

The method used to apply RCM to Army aviation DMWRs was to develop PSA
sections/chapters for the DMWRs which will provide guidelines necessary for
determining the minimum extent of maintenance needed to ensure restoration and
preservation of the inherent design reliability, safety, and mission
accomplishment of the equipment covered by the DMWR. Tasks to accomplish this
are listed in Figure 3-1 for the three categories of equipment.

"Extent of maintenance" can be broken down into "minor repair (inspection
and repair)" and "overhaul"., A decision logic to determine if minor repair
(inspection and repair) is feasible for a given item is given in Figure 3-2.
Engine time since new or last overhaul is not changed after minor repair.

To eliminate unnecessary maintenance tasks while restoring inherent
system reliability and safety requirements, one initiative (where applicable)
is only to partially disassemble the item during the overhaul process. This
initiative is viable on camplex items, such as engines and transmissions, where
an item is extensively evaluated during PSA to determine if its condition
requires camplete disassembly. AVSCOM DERSO distinguishes the processing of
an item that requires complete disassembly by referring to "complete
disassembly and overhaul™; processing of items that require only partial
disassembly is referred to as "limited disassembly overhaul". The item's
records reflect zero time since overhaul after a limited disassembly overnaul.
Tne following questions should be asked in studying the item to determine if
limicted disassembly is a viaple ouption:

(1) Does the item have subassemblies, modules, accessories,
etc.? If so, do same subassemblies have considerably more
longevity than others?

(2) What are the item's inherent design wWeaknesses?

(3) Wnat are the most cammor. causes for depot return?

4) Are tnere some maintenance tasks that are nost necessary
under certain situations?

The considerations in this section, then, provide an initial general
framework for develomment of a PSA section/chapter.

3.2 RCM DMWR Review Procedure

The procedure developed to review, and revise or rewite as necessary,
Army aviation DMWRs for RCM philosophy is illustrated in Figure 3-3.

3.2.1 Step 1: Compile Data

3.2.1.1 DARCAM-R 750-9

U.S. Army Materiel Command (AMC) Regulation No. 750-9, Reliability
Centered Maintenance - Application tc Depot Maintenance Work Reguirements,
dazted 31 August 1983, defines the basic philosophy of RCM as it relates tc
depot~level maintenance and directs that new DMWRs be developed in tarms of
CM pnilosophy and that existing DMARS De reviewed and revised or rewritten as
necessary to incorporate RCM philosophy. This regulation then provides the
direction in accordance with which the procedure outlined in Fizuwe 3-3 is
carried out.

3.2.1.2 Current IMWR

The current IMWR for the particular fielded Army aviation equipment being
6
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I. AIRCRAFT:

A. Preshop Analysis (PSA): If a PSA exists, it will be
evaluated; if it doesn't exist, it will be developed. The

DMWR PSA which results will provide guidelines to the depot

for examining the basic airframe and identifying the extent of

maintenance required. Initiatives will include:

1. Determining wnich panels and other structure require
arbitrary removal from the airframe and which are
removed only for cause.

2. ldentifying specific struwetural weak points that must
be addressed at every overhaul.

3. Determining which aircraft require aligment check at
every overhaul and, if rot, when an airframe aligmment
fixture is regquired.

L. Reviewing the depot maintenance process to determine
wnat other tasks can be eliminated, streamlined, or
accamplished only on condition.

Determining the extent of repair for the tailboam.

. Providing guidance for using visual examination in
lieu of nondestructive testing (HDT. (wnere possible)
for detecting cracks in piece parts.

B. Tne azcessories/components which require functional test or
special inspection will be determined.

C. The aircraft's characteristic weaknesses which must be
adiressed at each depot maintenance (convenience maintenance)
Wil be identified.

ovn
.

IZ. MAJOR COMPONENTS (ENGINES, TRANSMISSIONS, ETC.):

A. D"'es'nop Analysis {P3A): Tne P3A will establish a limited
usassemmy concept wnich will feature:

‘. Short routing of the high confidence assemblies by
estaolisning nard tine belwesn cauplete disassemdlies
for each major assembly or subassembly.

Z. Identlfying inherent wea«nesses wnich must o2
adzressed at each depo! maintenance  convanience
zaintenance) .

5. ZIZdentifying bea*mss Wnich reguire disassenbly and
inspectiion in clean rom emviromen:.

2. Guizance for using visual exatination in lieu of NDT .(wnere
possible, for detecting cracks in piece parts will be
crovided.

C. Pilece parts wnich shouid remain together for reassembly |wnere
practical) and desired alternatives when such parts Zc not
remain together will be identified.

D. The DMWR will provide for check and test of the ma
cauponent's accessories and the performance of minor repair
necessary.

E. The depot maintenance process will be reviawed to deterzine
what other tasks can be eliminated, streamlined, or
accampiished only on condition.

127, SMALL COMPONENTS:

Since thess components are disassexmbied, on a workbencn, directly into
tnelr jntegral piece parts, there are usually not sudbassembli=zs, or
sudassemb.ies are vonded together and further disasseably is impraztical.
Altnouzh limited disassembly is aot a viadle initialive on smail camponents, &
PSA wiil be developec to address:

A. Inherem weaknesses of the canponent which require emphasis at
eacn d2pot maintenance

B. Quidance in det.em'ming when and which parts require NDT.

C. Wnich parts should remain together [for reassembly {wnere
practical) and desired alternatives when such parts do not
remain together.

D. Which bearings require disassembly/inspection in a clean room

riroment.

Figue 3-1 RCM DMWR Review Tasks
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reviewed for RCM application forms, or course, the baseline for the
evaluation/develomment of the PSA section/chapter carried out in step 2.

3.2.1.3 AVSCM Engineering Directives (AEDs)

Certain program AEDs deal with concepts and procedures for processing and
managing particular equipment through the depot process. These include AEDs
on RCM application to T53 engines, on limited disassembly overhaul of engines,
on minor repair of engines, and on RCM/zinor repair of transmissions and gear
boxes. These serve as background material for the evaluation/development of
the PSA section/chapter.

3.2.1.4 Snop Travelers

Shop travelers are depot werk order documents that provide authorized
prescribed sequential shop routing and technical processing instructions for
assemblies, accessories, components, end items, and/or parts. They are
developed utilizing applicable DMWRS, document AEDs, program AEDs, and/or
field maintenance technical manuals. They provide information on how the
particular fielded Army aviation equipment being reviewed for RCM application
is currently processed through the depot and can be used as backgrounag
material for the evaluation/development of the PSA section/chapter.

3.2. 1.5 Interviews

The fielded Army aviation equipment besing reviewed for RCM application is
followed through the depot process by experienced engineers, beginning witn
presnop analysis, if applicable, anc proceeding to the prime shops. AL escn
shop the depot personnel directly involveZ with the equipment are intervizsw
to determine weaknesses and problams with tne eguipment, how tne
weaknesses/prooilans can e addrassed, and ths high confidence items wnicn ¢
pe snort routed.

In addition the cognizant engineer(s) in tne AVSCM Depot Engineering ang
RCM Support Offizce (DERSO) for tne equipment are interviewed to odtain their
aexpertise.

The information obtained from the interviews is used t¢ supplement and/or
confirm information fram the cuwrent DMWR, AEDs, and shop travelers.

3.2.7.6 AVSCOM RCM Data Bank

AVSCCOM DER3O's Teshnical Analysis Branch collects, reduces and analyzes
data fram all available sources relative to the operation and maintenance of
turbdbine engines, From this data U.S. Army turdine engine reliability,
maintenance significant items, and failure modes can be measured anc
evaluated; engine component or parts with potential for improved reliability
can be identified; and future engine requirements can be decided. For an
engine, then, this data bank can be used to assure that current maintenance
tasks in the DMWR, program AEDs, and shop travelers mitigate all prevalent
failure modes and, if not, to establish additional maintenance requirements in
the PSA section/chapter developed in step 2.

3.2.1.7 MIL-M-53041C(TM)

Military specification MIL-M-63041, Preparation of Depot Maintenance wWork
Requirements, contains the detail requirements for preparing DMWRs.
MIL-M-63041 requirements for PSA chapters/sections are used in determining the

16
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format and content of the PSA sections/chapters prepared in step 3. ne
version MIL-M-63041C(TM), dated 31 October 1984, is used.

3.2.1.8 Other Data

Other data for the RCM DMWR review include AVSCOM memoranda on problems
with certain equipment and material from previous RCM application to the

equipment,
3.2.2 Step 2: Evaluate/Develop PSA Section/Chapter

With use of the data campiled in step 1: if a PSA section/chapter exists
for the DMWR being reviewed, it is evaluated; if it doesn't exist, it is
developed. Major considerations in the evaluation/development of a PSA
section/chapter are as follows:

(1)  If minor repair is feasible for the item covered by the IMWR
being reviewed (see Section 2-1 and Figure 3-2), the PSA
section/chapter should contain minor repair criteria and
overhaul criteria. The PSA section/chapter should make
clear that the procuring activity will establish separate
programs for minor repair and overhaul. The minor repair
portion of the PSA section/chapter should address the cause
for depot return and also include (where applicable)
convenience maintenance where convenience maintenance
involves inspection, repairs, or other preventive
maintenance that is determined to be cost effective and/or
significantly improves longevity, reliability and/or safety
and thus is done wnil2 the item is in the depot.

(2)  If minor repair is not feasible per Section 2-1 and Figure
3-2 and overnaul is the only viable alternative, the PSA
section/chapter should stipulate that "minor repair is not
sconanicalliy [easipie for this item".

(3) The questions given in Section 3-1 should be asked to
determine if limited disassembly is a viable intiative
dwing overhaul of this item.

) The primary weaknesses and strengths of the item should be
studied in detail. The strengths provide justification for
a limited disassembly approach. The weaknesses should be
addressed by convenience maintenance during minor repair or
limited disassembly overhaul.

5) A PSA checklist should be included as a handy, streamlined
list of the issues addressed in depth in the PS4
section/chapter, i.e., it should be totally redundant. It
snould not repeat any ¢f the inspection tables that are
contained in the maintenance {(how-to-d) sections/chapters
of the DMWR.

(6) A mandatory modification table should be included as a handy
list of the modifications that can be accomplished on the
item. All of the modifications are required at overhaul;
safety-driven and/or cost-effective modifications should be
required at minor repair.

3.2.3 Step 3: Prepare Draft PSA Section/Chapter

A dralt PSA section/chapter 1s prepared, incorporating the considerations
and evaluation/development in step 2, in accordance with the format and
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content data requirements of MIL-M-63041. The section/chapter is tailored to
the particular DMAR/ Army aviation equimment item being reviewed. However, two
portions, of each PSA section/chapter prepared are fairly well standardized:
QD) A purpose statement very similar to that given in
MIL-M-63041 is provided as the first paragraph in the
section/chapter.
(2) The PSA checklist format has been standardized to that shown
in Figure 3-4. This format is adapted from that given in
MIL-M-63041.

3.2.4 Step 4: Review Draft PSA Section/ thapter

The draft PSA section/chapter is submitted to AVSCOM DERSO for review
from an engineering and operational viewpoint. It is submitted to the
Nondestructive Testing Information Analysis Center at Southwest Research
Institute for review fram the standpoint of optimizing the utilization
of visual inspection, diagnostic testing, nondestruetive testing, dimensional
inspection, and other methods as they apply to preshop analysis.

3.2.5 Step 5: Revise Draft PSA Section/hapter

The draft PSA section/chapter is revised until approved by AVSCZM DERSO.

3.2.6 Step 6: timate Man-hour/Cost Avoidance

Once the PSA section/chapter is approved by AVSCOM DERSO, estimation of
the man-hour/cost avoidance resulting fram RCM revision of the DMWR through
tne PSA section/chapter can begin. If RCM has already been applied
previously, through program LED and/or shop traveler, to the fielded Army
aviation equipment covered by the IMWR revised, complete data on man-hours,
mar—nour costs, and parts c¢osis required for depot-level maintenance before
and after RCM application probably exist and can be obtained from depot
program produztion planning and control managers for the equipment involved.
If compiete data do not exist, at least data for maintenance before RCM
application (i.e., canplete disassembly and overhaul) are available from these
managers; then, with assistance from depot production engineering personnel,
the cost avoidance resulting from application of RCM can be estimated.

For small, Category III components which are maintained on a
"on-condition" basis (i.e., thay do not carry a TBJ) at a small cost per unit
(approximately $1000 cor less), there is no advantage to distinguishing "before

CM" fram "after RCM'. Therefore, cost avoidance estimates are not done for
these camponents.

3.2.7 Step 7: Prepare Docunent AED

A document-type AED is prepared in accordance with Procedure Nc.
DESS-009C as the venicle for revising or rewriting the DMWR to incorporate the
approved FSA section/chapter for release to the depo: maintenance facility for
inplementation and to AVSCOM, St. Louis, along with a DA Form 2525 for
publication change.

3.2.8 Step 8: Prepare Final IMWR Report

A final DMWR report on the IMWR revised using RCM principles is preparad
in accordance with DARCOM-R 750-3 and submitted £o the U.S. Army Materiel
Command Materiel Readiness upport Activity.

12




Preshop Analysis Checklist.

INSPECTION
POINT

CONDITION

ACTION REMARKS

3
&

Figure 3.

Standard BSa Checklist Format
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APPENDIX A
GLOSSARY

Minor Repair (Inspection and Repair) - That maintenance performed to address
the cause for depot return of an item, to restore the item to serviceable
condition through correction of specific failure or unserviceable conditions
and to address an item's innherent weaknesses by carrying out convenisance
maintenance-inspections, repairs, and other preventive maintenance that are
determined to be cost effective and/or significantly improves longevity,
reliapility, and/or safety, given that tne item is in the depct. For items
with TBOs tne only alternative to minor repair is overhaul. For OCM items
minor repair is distinguished fram major repair simply by the aepth of effort
required. Major repair inzludes a greater degree of convenience maintenance.
Minor repair does not "zero" the "time since new" or "time since overhaul" of
the item.

Limited Disassembly Overnaul - An approach to overhauling an item in depot in
wnicn the item is restored to a serviceable condition tnrougn partial
disassembly, inspection, replacement, or repair of parts as specified in
applicable technical manuals or DMWR. High confidence assemblies are short
routed by establisning nard time between camplete disassemblies for each major
assembly or subassembly. Inherent weaxnesses are identified which must be
addressed at esach depot maintenance. Refer to paragraph 3-1 for details.
Tnis action "zeroes" the "time since overnaul" of the item.
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(EXAMPLE, PAGE | OF 2)

ACE WORKSHEET

ATRFRAME CONDITION EVALUATION| MASTER EAM UNIT AREA LOCATION
(ACE)
UH-1B/C/M
TUW
AVSCOM PAM 750-1 (&)
Card Col | PROFILE INDICATOR NOMENCLATURE TTEM >
01 T U Ww| TYPE/MODEL/SERIES 1 P
02-08 SERIAL NUMBER 2 n
09 SPECIAL MISSION 3 o
10 MAJOR COMMAND A <
11-12 CEOCRAPHICAL LOCATION 13
13-16 JULIAN DATE OF ACE 6
17 N 0] A/C NEW OR OVERHAULED 7
18 C NP S k| O/H BY "8
19-22 A/C HRS AT TIME OF OVERHAUL 9
23-26 JULIAN DATE OF OVERHAUL 10
27-30 TOTAL HRS ON A/C 11
31 C K L M] OVERALL CONDITION 12
22 C ¥ L M] PAINT CONDITION 13
22 EGC F Y R{ CARGO DOOR POST UPPER & LOWEX L./H 14
24 E C B Y Bl CARCO DOOR UPPLE FRAME L/H 15
25 S CYJDUR] UPPER AFT CARIN BULKHEAD PANEL L/i 16
36 S CY JDUR] FUCL CELL FORWARD BULKHEAD PANEL L'H e
1 S Cy )'DURPR| UPPER AFT CABIN BULKHTCAD CENTER PANEL 16
sevaipy nrprg AT CARIN RULKHEAD DPANFI [1/[f 16
29 S CY JDUR] FUEL CELL FORWARD BULKHECAD PANEI. R/H 16
40 - S CY JDUR] FUEL CELL UPPER OUTBOARD PANFL I./H 16
4l S CY JDUuUR|] FUEL CELL CENTER QUTBOARD PANEL L/H 16
%2 S €Y JDURI FUEL CELL LOWER OUTBOARD PANEL [./H 16 >
BB S CYJDUR|] FUEL CELL UPPER AFT BULKHEAD L/H 16 o
1A S CYJODURI FUEL CELL LOWER AFT BULKHLAD L/H 16 -
%) _F A Y R} UPPER _AFT DOOR TRACK L/H & R/H 17 -
4 E A Y Rl LOWER AFT DOOR TRACK L/H & R'H 17
L7 S CYJDURI WORK DECK PANEL L/H 16
48 C £ Y Rl WIRE BUNDLES, AVIONICS COMPARTMINT 7S
%9 ECBY R] AFT FUSELAGE VERTICAL WER 18
50 E C B Y RI TAILBOOM VERTICAL SKIN 16
S £ G 72 Rl TAILBOOM ATTACH FITTINC UPIER & LOWER L/Y 20
-3 £ G 2 Rl TATLBOOM ATTACH FITTINC UPPER & LOWER R/H i)
52 CY JDUR}] FUELL CELL AFT BULKHEAD PANEL R/Y 16
A S CYJDUR|] FUEL CELL UPPER OUTBOARD PANEL R/H 16
S C Y JDURl FUsL CELL LOWER OUTBOARD PANEL k/H Ib
6 S CY 5 DU Rl WORK DECK PANEL R/H 15
< S CY J DU K CENTER SERVICE (ENGINE) DECK 16
2 ECRY Rl PVYLON ASSEMHLY HORIZONTAL WEBS, L/H & R/H il
-3 £EC Y _FIFTH MOUNT ATTACH ARLCA 02
0 FECYTzopl LIFT REAM WEBS AND LOOST HI~SHEARS 23
1 S CYJIDU RI BOOF DECK PANFL 16
62 EC B Y A Rl CARGO DOOR UPPER FRAME R/H 15
NAME PROFILER RECORDS
_ é




